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ifirive' into the 
vein tl God in the 
Creation, 5 is moſt wor- 
thy of à rational and 
intelligent Being; to em- 

ploy: our Thoughts upon this Subject 
is to cultivate the higheſt Principles 
and beſt Inclinations of our Nature. 
Productions of Art indeed at firſt ſtrike 
us with Admiration and Delight, but 
then their Beauty is of no long Duta- 
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DEDICATION. 
tion, and that, which before appear- 
ed ſo very lovely and charming, in a 
ſhort Time becomes greatly unſatiſ- 
factory and diſtaſteful. On the con- 
trary, the Works of Nature are capa- 


ble of affording us a ſolid and more 


laſting Entertainment. With what 
Pleaſure do we {utvey thoſe numberleſs 
Orbs rowling over us in the moſt regu- 
lar and harmonious Order; with what 
Delight do we trace the Comets (thoſe 
fiery Bodies that ſtrike ſuch Tercor into 
vulgar Minds) through Worlds unnum- 
bered and unknown? And how does 
this Pleaſure and Delight riſe. upon us, 
when we imagine thoſe ſeveral Orbs 


furniſhed with a rich Variety of Inha- 


bitants, as is a very-reaſonable Suppoſi- 
tion, conſidering that not the leaſt Spot 
of this our Earth is without its Dome- 
ſticks r Such Speculations not only af- 
ford infinite Satisfaction to inquiſitive 
Minds, but lead them naturally on to 
the Contemplation of that greateſt and 
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ber of the Stars, aui 050 ale they 
by their Names. 


Ir we deſcend i into our \ ſelves. and 
take a View of our own Bodies, we 
| ſhall there find the ſeveral Parts ad- 
juſted in ſuch a regular Manner, and 
ſo exquiſitely well adapted to anſwer 
all 55 Ends and pale ef Life, 
that he muſt certainly be very {low of 
Underſtanding, who is not immedi- 
ately convinced of his being the 
Workmanſhip of an inc wile, 

ood and powerful Artiſt. . Farther, 
Gould -we extend our Views all around 
us, and run over the {ſeveral Species 
of Animals, Plants and Inſects that 
inhabit and adorn this our Globe, 
ſhould we endeavour to trace the 
Footſteps of divine Wiſdom in bang 
der, ons and Uſes of every 
of them, we ſhould ſoon Gnd « — 
ſelves loſt in an endleſs Purfuit, and 
readily ery out with the Plalmift, Who 
to £3 Wert 5:41 WM 
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can ſturch ond the'- Almighty "0 or | Þrs 
Works to Perfection 


Ix ſhort; the Study of natüral Phi- 
loſo phy fills: the Mind with vaſt and 
ſublime Ideas of the firſt Cauſe and 

Original of all Things, and is che beſt 
Means to preſerve it from Atheiſm on 
the one Hand, and ee on the 


other. 3 | iel 
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this to You, Sir, in Commendation of 
a Study, which "hl been ſo remarka- 
bly encouraged by your Patronage k 
and Example; 'it is natural to indulge | 
one's Sentiments pe * a n and 


egretable Subject, . 


ini 1 


I tlie following w Work, Which 1 
bude now the Hondur of inſeribing to 
You, I can claim little more than the 
Merit 'of having - been, as I hope, a 
| faithful Tranſlator.' In the Ofiginal 
| | our Author has given good _— of 
! 18 


DE DICGCAITIILION 
his Induſtry and Abilities, but then he 
has at the dame Time: abundantly 
ſhewn how difficult it is to efface No- 
tions and Impreſſions r eceived in Our 
earlieſt Education. Howeyer this is 
not ſo much to be wondered at, if 
we reflect how many Men of Learn- 
ing and Reputation, even amongſt 
ourſelves, labour under the ſame un- 
happy Circumſtances. In Order there- 
fore to remedy this Evil, I have taken 
Care to interſperſe the whole Work 
with proper Notes, founded upon the 
Principles laid down by that illuſtrious 
Ornament of our Nation, the incom- 
parable Sir {/azc Newton. 


 T'sH4aLL not pretend, Sir, to copy 
the 'uſual Forms of Dedications, be- 
ing thoroughly apprized how difficult 
a Taſk it would be, even to attempt 
the Praife of a Gentleman, who has 
deſerved ſo well of the Learned 
World. Such a Subject would prove 
ſuperior to much abler Pens. 
A 4 Wur RE 
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To THE 

R EAD E N. 
E E many "great Improve- 
. ents that haue been of 
8 0 late made in natural Knows 
RL Zedge, have induced a La. 
ieiy of Perſons 10 turn 
PR 9 peculations his Way. That 
 Immorial Reputation which Hr laac 
New arguired 9 bis Wruuings, bas 
Wo /o 


PREFACE. 


fo far excited the Curiofgty ef muy who 
are involved in the 2 of Bel 5 


as to ſet aſias ſome Part of ibeir Time, 
10 inform themſelves. of 11 lerpri 25 
Diſcoveries. Tuer thes: Rae fan bo 
__therr darling Quadrille, *g 0 . 
of being accounted Diſciples of this great 
Man; and the Beaus in Compliance with 
the Faſhion, are tempted to reſemble ra- 
tional Creatures in ſomething more than 
he exterior Herm. Pa 


But ſhuce þ it requires d reater N 
ledge in the Naben than moſt 


P or ſons are bleſſed. with to read Str 
—_ Newton ,wirh y Swece/s,c qna- 

y able Pens have RB, employed to 
2 his Works in à more _ po ular 
View; ſome of whorn, I cel, pate 
gained much Repuration any Efe 
heir Attempts, and others 
vate Lmolumem. Tet Bl have of 


Writings were Sufficiently e of 
Lines and Figures to be genertlly uſe- 
ful and iuſtructing; wherefore [ bavs at- 


1 verted myſelf for ſome Time paſt at nm 
' wacand 
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PREFACE. 
"vacant Hours in tranſlating the follow- 
ing Work, whith I now preſent 10 the 
- Publick. It is drawn up by Way of 
Crrverſation, which Manner of WWri- 
ting ſeems beſt ſuited to ſet Truth in the 
eaſreſt Ligbi, and inſenſibly 10 inſtil 
Knowledge into the Mind of the Reader. 
The ingenious Author has run thro the 
whole Circle of natural Knawledge, and 
collected 'a great Number of curious 
and emertainmg Experiments, many of 
which are talen from the Memoirs of 
be French Academy; ſo that the En- 
gliſh Reader has here an Opportunity of 
feeing the ſeveral Diſcoveries. that hav 
been matle by the Philoſophers in France. 
But ibo theſe Experiments are agreea- 
bly related, yet are the Fatts oftentimes 
Put very dll accounted for; which 
is owing to our Author's ſtrong Attach- 
mem 10 rhe Sentiments of Des Cartes, 
which have been long ſince overturned 
by the Demonſtrations of Sir Iaac New- 


ton; and the” our Author, as appears 


fr om "the following © Sheets, was not 
os wholly 


PRE F A GE. 
wholly unacquainted with. the Wrnings 
of that great Man, yet were the Pre- 
judices of Education ſo prevalent as to 
Ii exclude all Condiction. By ibis we ſee 
1 there may be Bigots in Philoſaphy at well 


as in Religion. However, to remove 


this Incomvenience, I have „ — the 
[| Principles of the Newtonian Philoſophy 


by Way of Notes (after the Mauner of 
il the late learned Doctor Clarke in his E- 
|  ditzon of Rohault) by which Means the 
\lt Reader will have the Pleaſure of com- 

| Haring the Old Pbilaſaphy wwh the 
Mew, and of percetving the Advantage 
il of the latter, by applying it to the Ex. 


" 

il periments before him. If this. Work 
il Should ſucceed, according to m Wiſhes, 
if in the Infiruttion and Entertamment of 
{hl the Reader, I ſhall think my Pams ſuf+ 


ficiently anſwered; if uot, the Goodneſs 
of my Intention will juftzfy the Under- 
taking, © \ | 
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INTRO DVC TI ON. 


22. 


INCE the Academies of Paris, 
1 London, Italy and Germany, and 

the molt happy Genius's of Eu- 
rope, at once animated with the 
| Love of Truth, the Commenda- 
tions, Favour and Beneficence of Princes, have 


united their Endeavours to diſcloſe the Secrets 
Vor. I, B of 
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tertaining and delighting him all t 
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of Nature, Philoſophy has its Charms and its 
Graces: It pleaſes,” is univerſally admired, be- 
loved, and every where favourably received, 
even at the Court it ſelf. 

Eudoxus has been particularly delighted with 
this Study from the Time he was firſt capable 
of reliſhing it. Since that Time no Employ- 
ment was ſo pleaſing to him, as to admire 
the Strokes of divine Wiſdom manifeſted in the 
Structure and Beauty of the Univerſe, and ſtu- 
dy thoſe ſecret Receſſes which diſplay ſo many 
Wonders to our Eyes. 

The Light which diſcovered to him the 
Heaven and the Earth, the Sight of a Foun- 
tain, a Flower or an Inſe& was capable of en- 

bo Day long. 
A Sky brilliant with Stars made the Night ap- 
pear to him as beautiful as the Day. Should 
Darkneſs or thick Clouds veil the Sun from 
his Eyes; ſhould the Rain ſucceed to a ſerene 
Sky, a Tempeit to a Calm; his Enquiries in- 


to, and Apprehenſions of the different Cauſes 


which produce theſe Viciſſitudes and various 
Effects, ever afforded him a new Pleaſure. In 
the Height of Winter amidſt his philoſophick 
Meditations, even the Rigour of the Seaſon 
preſented to his curious Mind ſuch ſurprizing 
Changes, as made him forget the Flowers of 
the Spring, and the Fruits of Autumn, and 
made him ſome Amends for the abſent Plea- 
ſures of the moſt ſmiling Seaſons. He could 
not conceive how a Man could deny — 
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INTRODUCTION. - 3 
the Pleaſure of employing his leiſure Time in 
contemplating the Hand of the Creator, even 
in the Fralleſt of all viſible Beings. The Sight 
of Truth infuſed into his philoſophick Soul 
Pleaſures perhaps as piquant, at leaſt more 
pure, as well as more ſolid; than thoſe which 
are taſted at the moſt agreeable Feaſts in the 
World. Thus the Joy which overflowed his 
Heart, ſeemed to diffuſe itſelf over his whole 
exterior Form. His Air was affable, and his 
Manner engaging. There was nothing auſtere 
in his Philoſophy: It was natural, equally grave 
and Pleaſant, and procured him the Eſteem, 
the Confidence, and Friendſhip of Aritus. 

In the Perſon of Ariſtus, were united all the 
Graces of the Mind, together with thoſe of 
the Body. He was a young Man, who was 
entirely free from the Vices of Youth. He 
was born a Philoſopher, an Enemy to that 
ſoft Idleneſs in which ſo many Youths lans 
guiſh, who are wholly taken up with unrea- 
ſonable Pleaſures, vain Amuſements, Comedies 
and Operas, bounding their Knowledge, at 
moſt, with being able to write a Madrigal or 
a Song, in catching the Airs of ſome Petit. 
Maitre, or the Pleifurcs of the Bottle. Na- 
ture, Birth and Education had inſpired the 
Soul of Ariſtus with Sentiments far more no- 
ble; he ſaw nothing more worthy of Man, 
than the Knowledge of himſelf, and every 
Thing that ſurrounded him. In the Flower 


of his Age, and in the Seaſon of Pleaſures, he 
| B 2 had 
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had a more ardent Paſſion for the Diſcovery of 
the Source and ſecret Cauſes of Things, than 
he had for Pleaſure itſelf. The Eſteem which 
he found the Philoſophers of the Academy en- 
joyed among all Sorts of Perſons, whoſe good 
Opinion was of any Value, raiſed a noble E- 
mulation in him. He was pleaſed to ſee Phi- 
loſophy talk a Language ſo harmonious and 
delightful in their Works. But he wanted ſome 
Perſon verſed in the reading of theſe Works, 
and already initiated into the Myſteries of Na- 
ture, to ſecond his Taſte, and facilitate his 
underſtanding the moſt agreeable Truths. He 
was charmed to find this Perſon in Eudoxus. 
The ſame Taſte, the ſame Inclination, ſoon uni- 
ted them very ſtrongly together, and in a Chain 
of continued Converſations, and which ſeem to 
ariſe one out of the other; they agreeably un- 
ravelled every Thing which we find the moſt 


curious and delightful in the Univerſe, 
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CoNVERSATION I. 


Eud. ELL, Ariſtus, your Taſte then 

inclines you to Natural Philoſo- 
phy? I like it ſo much the better, becauſe I am 
indebted to this Inclination for the Eſteem, 
Confidence and Friendſhip wherewith you are 
pleaſed to Honour me. I ſhall endeavour to 
ſecond it, I am heartily at your Service, and 
ſhould find Pleaſure in being capable of pro- 
curing you any. 

Ariſt. Nothing is more generous, than to 
find one's Pleaſure in procuring ir to others. 
Upon this Account I hope you will receive 
ſome Satisfaction in illuminating me with your 
Light; for I freely confeſs, that I feel an ea- 
ger Defire of knowing my ſelf, and what ſur- 
rounds me and affects my Senſes ; and I would 
without any Difficulty ſacrifice all the vain 
Pleaſures which the World can preſent me 
with, to the Pleaſure I take, or imagine, in 
this Knowledge. 

Eud. The Pleaſure which accompanies this 
Knowledge, is alone in my Judgment worth 
all the others put together. Even from Cice- 


ros Time Phyſicks have been looked upon as 


che moſt pleaſant, delicious and agreeable Food 
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of the Mind. What Allurements then muſt 
they not have at this Time, ſince they have 
been enriched with an infinite Number of new 
Diſcoveries? By the Light of this Science the 
Mind at once obſerves that Wiſdom, which by 
certain ſimple but fertile Laws of Motion, pre- 
ſeribed and freely followed by itſelf, draws out 
of Matter this Variety, Aſſortment and admi- 
rable Arrangement of terreſtrial, tranſparent, 
and luminous Bodies; it penetrates into the 
Boſom of the Earth, there it perceives after 
what Manner Nature forms Diamonds, Silver 
and Gold for enriching us; there it diſcovers 
the Origin of Winds and ſubterraneous Fires ; 
it ſees theſe Fires kindled, and the Winds form- 
ed, ſhaking the Earth, and ſpreading abroad 
a ſalutary Horror. It perceives that Force 
which makes the Waters aſcend by a thouſand 
Channels, even to the top of the Mountains, 
to form there thoſe Springs ſo fit for refreſhing 
us; it knows after what Manner the Earth be- 
ing warmed covers itſelf with Flowers in the 
Spring, and ſends forth Vapours, Exhalations 
and Clouds into the Air, and in thoſe Clouds 
the Thunder and the Thunder bolt; by what 
Courſe the Rays that come from the Sun pro- 
ceed to be broken and reflected in the Clouds, 
ſo as to preſent us with the moſt beautiful Co- 
lours. From the midſt of the Air it aſcends 
to the Planets, What do I ſay? It bounds from 


one Vortex to another, even to the Extremi- 


ties of the World; and from the remoteſt Stars, | 
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it returns again to conſider with a freſh Plea- 
ſure, the rapid Circulation which carries Blood 
and Life into all the Parts of a human Body. 

Ariſt. This lively Deſcription would doubt- 
leſs be ſufficient to engage one for ever to 
Phyſicks. 

Eud. Phyſicks have a thouſand and thou- 
ſand other Charms ſtill more capable of affect- 
ing and raviſhing an attentive Mind. But ſince 
in order to follow both your Taſte and mine, 
we purpaſe to run over the Whole, without 
dwelling but upon that Part which is moſt 
curious and profitable; let us endeavour to do 
it with ſome Order, ſo that our Converſations 
may ſeem to ariſe from one another, and the 
firſt may afford ſome Light into the ſubſequent. 
Perceptions which ariſe from one another, are 
both the eaſier, and more conſpicuous. 

Ariſt. Pray, let us begin with a clear and 
exact Idea of Phyſicks. When any one ſpeaks, 
I love to know what he is diſcourſing upon. 

Eud. Philoſophy is properly the Knowledge 
of Bodies. Its Character is to diſcover to us 
the general Principles, Properties, and Ar- 
rangement of Bodies; the Nature and Proper- 
ties of every Species of Bodies; in a Word, the 
Effects, and the Cauſes of thoſe ſenſible Effects, 
whence that Harmony and Beauty reſult which 
our Senſes admire in this vaſt Univerſe. 

Ariſt. This Idea ſeems clear, diſtinct and 
beautiful. But what Principles do you ſuppoſe 
to reign equally in all Bodies? 

B 4 Eud. 
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Eud. Matter and Form. 
Ariſt. Do you believe that Matter is ſuffici- 
ently known by the Information of our Senſes? 
Eud. I know that the divine Power can and 
does ſuſpend upon our Altars * the Impenetrabi- 
lity of Matter, or that which 1s the Cauſe why 
a Portion of Matter, which I call a Part or Par- 
ticle, when compared with another that is 
greater, admits no other into it. In ſhort, Mat- 
ter is a Subſtance naturally impenetrable; this 
is univerſally allowed, and this is ſufficient for 
comprehending and explaining thoſe Wonders 
which affect us; is not this a ſufficient Know- 
ledge of Matter ? 
Axiſt. If Matter were not naturally impene- 
trable, we ſhould quickly, I imagine, ſee thoſe 
Wonders which affect us, diſappear to the 
Eye; in an Inſtant the Earth, Stars, and Hea- 
vens would approach and penetrate one an- 
other, and by penetrating, ſtraiten one another 
ſtrangely; and we ſhould be greatly aſtoniſhed 
to find our ſelves almoſt annihilated, and to ſee 
1 the whole Univerſe reunited in one Point: Or 
rather that Univerſe has never had any Exi- 
ſtence. But is it very certain that Matter is 
naturally extended, and that every Part has 
Length, Breadth and Thickneſs ? 
Eud. Two Particles, however minute, be- 
ing united together, form an Extenſion; for if 
two do not, why ſhould three or four? But 
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Our Author, I ſuppoſe, alludes here to the Doctrine of 
Tranſubſtantiation. ; 
Things 


by 
N «H 
P\ -4 

v3 % 


4 
«} 


* 
= 
I 
4 7 


CoxvERSATION I. 9 


Things which have no Extenſion, make none 
by their Union. Do they touch one another? 
They perfectly penetrate one another, the one 
admits the other into it; the one has nothing 
without the other, ſeeing they touch one an- 
other in all imaginable Points; otherwiſe each 
of them would contain Particles ſtill more mi- 
nute, the one without the other, and thence 
would be extended without being ſo in Reali- 
ty; but Reaſon acknowledges no ſuch Contra- 
ditions in Nature. What follows from this? 
Thar every Part of Matter is extended. There- 
fore Matter is extended in its natural State. 
Geometry ſupports this Reaſoning, and no one 
has yet demonſtrated its Defect. _ | 

Ariſt. Therefore the ſmalleſt Parcel that one 
can imagine, muſt contain in it Parts more mi- 
nute, even ad infinitum. How much every 
Thing that ſeems to approach Infinity makes 
us ſenſible that our Underſtanding is limited! 


The Mind loſes itſelf in a ſurprizing Multitude 


of ſmall Beings; it finds therein no more Hold. 
Thoſe Nothings, if I may fo call them, ought 
to confound the Pride of Philoſophers, if they 
had as much as ſome aſcribe to them. | 
Eud. The Imagination is loſt here, rather 
than the Mind; for if you divide a Particle in- 
to the moſt inconceivably minute Parts, the 
Mind will always find therein ſomething that 
regards the Weſt, and ſomething that regards 
the Eaſt; and what regards the Weſt, is not 
that which regards the Eaſt. 
| | ; After 
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After all, whether the Mind find in Matter 


Particles aſſignable and diviſible in infinitum, or 
not, this Enquiry ſo famous from the firſt Riſe 
of Philoſophy, and which has only tormented 
the fineſt Wits in vain, can be of little other 
Uſe than to keep 1 modeſt; an En- 
deavour vain enough. order to reliſh the 
Pleaſure of underſtanding what is ſurprizing 
in thoſe Effects, whoſe Marvellouſneſs depends 
upon the Smallneſs of the imperceptible Parts, 
it is ſufficient to know that every ſenſible Part 
of Matter contains Particles imperceptible, and 
ſmaller the one than the other, far beyond our 
Imagination. This is what every one knows 
whenever he pleaſes, and what may be learned 
from very curious Experiments. 

For Garments that are perfumed with Ro- 
ſes preſerve a pleaſant Scent a long Time; a 
ſmall Grain of Incenſe is perceivable through 
the whole Extent of a large Hall. A Grain 
of Muſk, formed like a Bee of Salt in the 
Bladder, of a kind of Roebuck, without loſing 
hardly any Thing of its Subſtance, exhales for 
whole Years a very ſtrong Odour, capable of 
enfeebling Serpents of an enormous Bigneſs at 
a certain Diſtance, ſtopping, lulling aſleep, and 
rendering them immoveable : Now, how can 
this happen, if odoriferous Bodies do not con- 
tain almoſt an infinite Number of Corpuſcles 
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of an incredible Smallneſs, which are divided, 
diffuſed every Way, and ſtrike the Organ of 
Smelling? A ſmall Plate, a very minute Piece 
of Braſs diſſolved in Spirit of Sal Armoniac, af- 


fords a ſufficient Number of imperceptible Par- 


ticles to colour a Quantity of Water two hun- 
dred Times greater. Let a Drop of this co- 
loured Water fall upon a lighted Lamp, it will 
be divided fo prodigiouſly by the Heat, that for 
the Space of half an Hour the Flame will ap- 
pear wholly blew. One Grain only of Vitriol dif 
ſolved in 9216 Grains of common Water, ſen- 
ſibly dyes all this Quantity with its Colour b. 
But you will perhaps have more Pleaſure in 
conſidering the enormous Multitude and Small- 
neſs of the Parts of Matter in Gold; the ſole 
Idea of this precious Metal has ſomething in it 
of the Flatterer. * 

Ariſt. Can one be affected with the Splendor 
of Gold, Eudoxus, when the Secrets of Matter 
are unveiled to the Eye, and one has a Taſte 
for Truth? I would venture to lay any Sum of 
Gold imaginable, that a Philoſopher, like you, 
would find more Pleaſure in knowing it well, 
than in poſſeſſing it. | 

Eud. A Philoſopher, like me, lays hold on 
Things as they come; he poſſeſſes without Co- 
yetouſneſs, but yet he poſſeſſes, being leſs af- 
fected with his Poſſeſſion, than with an En- 
quiry of M. Robault's. This Gentleman © by 


d Mem. de Acad: 1706. p. 413. © 1, Par. c. 9. 
Calcu- 
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Calculation found in a cubical Foot of Gold, 
21584 Ounces, in every Ounce more than four 
Millions of Lines; in every Line, how many 
Points or more minute Particles might the Mind 
{ſtill ſee? Have you never ſeen them draw Gold 
in St. Dennis s-ſtreet ? | 

Ariſt. J have, and was aſtoniſhed. The 
Drawers have a Silver Cylinder of about fif- 
teen Lines in Diameter, and 22 Inches long, 
covered ſometimes with about ſix Ounces, 
ſometimes with about one Ounce of Leaf of 
Gold, inſeparably attached to the Silver, by 
Virtue of the Heat, and the rubbing of the 
Blood-Stone. Ar firſt they make one End of 
the Cylinder or Ingot, enter into the biggeſt 
Hole of the Wire-drawer, which is a Plate of 
Steel pierced through with a Number of Holes. 
Then they lay hold on it with Gags faſtened 
to a Cable drawn by a Capſtane, which is turn- 
ed round by five or fix Men: The Cylinder 
paſſes through, and is lengthened in paſſing; 
then they run it ſucceſſively through an hun- 
dred and a hundred Holes, proportionably ſmal- 
ler the one than the other; and at laſt paſſing 
through Holes almoſt imperceptible, the gild- 
ed Ingot or Cylinder becomes a Thread of 
Gold, which is properly nothing but a Silver 
'Thread gilded, which is afterwards wrought 
upon Silk, to ſupport the Luxury of rich At- 
tire, and cheriſh the Vanity of thoſe who deck 
themſelves with Threads of Gold, without ob- 
ſerving 
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ſerving what thoſe Threads have in them more 
wor thy to engage the Attention. 5 
Eud. According to the Calculation of M. de 
Reaumur, a celebrated Member of the Acade- 
my d, an Ingot of Silver of 45 Marks, and 
which was only 22 Inches long, gained 
13963240 by being drawn into Wire; imagine 
then what a Number of imperceptible Parts 
there muſt be in ſo ſmall an Extent! 

Ariſt. Here I equally admire Nature and 
Art; Nature in the wonderful Ductility of Sil- 
ver and Gold, and Art in the wonderful Ef- 
fects which it thence draws, and which we 
take no Notice of, becauſe they are continual- 
ly under our Eyes. 

Eud. This is yet nothing. This ſingle 
Ounce of Leaf-Gold laid upon the Silver Cy- 
linder, is drawn out into Gold Thread b 
the Wire-drawer, and is lengthened enoug 
upon the Silver to equal the Length of 100 


& Leagues, and unite Lyons to Paris by a fort of 


Golden Chain. It is likewiſe poſſible by Art 
to lengthen it out to 120 Leagues of 2000 Fa- 


thoms each. 

Ariſt. But what then is the Thickneſs of 

= Gold in Places where the Thread is leaſt 

gilt? | | 
Eud. Perhaps one Million and the fifty. 

thouſandth Part of a Line. When the Buſi- 

neſs 1s only to divide a Piece of Gold of one 
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Line into a Million different Leaves, it is but 4 
Trifle. | N 

Ariſt. What ſurprizing Smallneſs of Par- 

ticles! 

. Eud. What ſurprizing Smallneſs, ſay you? 
Nay I tell you that thoſe ſmall Beings, whoſe 
Smallneſs aſtoniſhes you, are immenſe, and 
even Coloſſes when compared with Millions of 
other Beings. The Smallneſs of a Mite, which 
pm is the leaſt of ſenſible Animals, is but 
ittle inferior to that of the Particles of Gold; 
and M. de Malezieu, ſaw with a Microſcope, li- 
ving Animals 27 Millions of Times ſmaller 
than a Mite © Through their tranſparent Skin 
he perceived Bowels, Eggs, the Forms of theit 
Fetus or young ones, and a fort of Blood cir- 
culating by contrary Motions. Theſe Animals, 
27 Millions of Times leſs than the leaſt percep- 
tible ones, muſt then have in their almoſt infi- 
nite Smallneſs, Eyes, Feet, Inteſtines, Veins, 
Arteries, an Heart, and Blood. The fineſt Par- 
ticles of their Blood are probably to their Bo- 
dies, as the fineſt Particles of our Blood, called 
animal Spirits, are to ours. The fineſt Parti- 
cles of our Blood, are almoſt infinitely ſmaller 
than our Bodies; therefore the fineſt Particles 
in thoſe animated Beings are almoſt infinitely 
fmaller than their Bodies, which are 27 Milli- 
ons of Times leſs than a Mite. Well, Ariſtus, 
would your philoſophical Imagination deſire, 
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for its Satisfaction, Particles yet more minute, 
and penetrate ſtill farther into the impercepti- 
ble Principles of Matter? 

Ariſt. 1 own it, my Imagination loſes itſelf 
here in the enormous Smallneſs of thoſe Parti- 
cles; but it loſes itſelf, I believe, without go- 
ing aſtray: For the Moment it is loſt, through 
want of finding an Hold, it encourages my wa- 
vering Mind, and emboldens it to acknowledge 
in Matter, Particles ſtill more delicate, even to 
Infinity. 

Every Thing conſpires to perſuade me, that 
Matter is a Subſtance naturally impenetrable 
and extended. Can any one not agree to it? 
But Macrer, which in its natural State preſents 
nothing to the Mind but Length, Breadth, and 
Thickneſs, has nothing of itſelf to rank it un- 
der one Species of Body rather than another: 
What then is this ſecond Principle of inanimate 
Bodies, this Form, which of a Portion of Mat- 
ter makes one Species of Body rather than an- 
other; Gold rather than Silver, a Diamond ra- 
ther than Cryſtal, a Pink rather than a Tulip, 
and a Tube-roſe rather than a Roſe? 

Eud. It is the Configuration, the Arrange- 
ment, and the Texture of thoſe Parts, whoſe 
Smallneſs eſcapes your Imagination, and ſeems, 
as it were, to be loſt in Non- entity. For ima- 
gine only in ſeveral Portions of Matter divers 


_ Configurations, Arrangements, and Textures 


of the imperceptible Parts, and you will con- 
celve ſeveral Species of Bodies; for Example, 
Marble, 
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Marble, Agate, or Pearl. Do not we ſee Bo- 
dies paſs from one e to another, without 
any other Change than a new Texture of the 
| imperceptible Parts? 'The Agitation of Fire 
| produces nothing elſe in Salt and Sand when 
4 [ij mellted together; and yet theſe two Bodies thus 
101 melted, conſtitute Glaſs proper for defending us 
ill from the Injury of the Air, without denying 
1 us the Uſe of Light. The Juices of the Earth 
1 are not Plants of themſelves; but ſhould they 
9 be ranged differently, they become different 
iſ; Plants; theſe Juices being agitated by the na- 
9 tural Heat, inſinuate themſelves into divers 
11 Buds; and according to the various Structure 
160 if of the Fibres and ſmall Cells they meet with 
therein, they are turned, modified, placed, and 
— 1 4 ranged after a Thouſand Manners. Thus of 
1 Juices, nay often of the very ſame juices, are 
"Wi formed the Violet, the Anemone, the Ranun- 
| culus, and that charming Variety of Flowers, 
with which our Meadows and Gardens are en- 
amelled in the Spring. Now, fince the diffe- 
rent Texture of imperceptible Particles conſti- 
tutes different Bodies, it is likewiſe ſufficient 
for the Form of thoſe Bodies; Why then ſhould 
it be ſought for elſewhere ? 
Ariſt. J love to ſee you introduce Flowers 
into your Diſcourſe, Eudoxus; it makes your 
hiloſophical Sentiments appear the more de- 
lightful. Your Flowers pleaſe me, but yer I 


am more affected with your Reaſons. To them 
I yield 
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I yield with Pleaſure, and it is indeed impoſli- 
ble to refuſe one's Aſſent. 

Eud. What then in general, according to 
your Opinion, are thoſe different Bodies, whoſe 
Aſpect cheers our Senſes! | | 

Ariſt., They are ſo many Portions of Mat- 


| 4 ter, whoſe imperceptible Parts have their pro- 


per Configuration, Texture and Arrangement. 
Eud. I think we have ſufficiently dived into 


che Nature of Bodies in general. To Morrow 
ve will ſee if there are any Bodies in the Uni- 
verſe. | 
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Things as Bodies exiſting? The ſole Pleaſure of * 


risfaCtion in thinking after an unuſual Manner. 
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CoNnvERSATION II. 


Concerning the Exiſtence of Bodies, and i 


the Air in Particular. 


Artiſt. AN one demand ſeriouſly, Endox- 4 


us, Whether there be any ſuch 


ſeeing you, ſpeaking to you, and hearing your 
Voice, cannot in the leaſt permit me to doubt 
it. They tell us indeed f that certain Indians 
acknowledge only Spirits; but thoſe Indians are 
Infidels, who are deluded by the Spirit of Dark- 
neſs. Could ever any one be found in Europe, 
out of a Madhouſe, who acknowledged no- 
thing in this vaſt Univerſe but Phantoms of 
Eud. When we are not upon our Guard a- 
gainſt new Notions, we eafily ſuffer our ſelves 
to be impoſed upon. We form to our ſelves 
new Principles; and hence the moſt ridiculous 
Conſequences procure our Aſſent without Con- 
tradition. The moſt whimſical Imaginations 
become familiar to us; our Vanity finds a Sa- 


Dans les Lettres Edifiantes des Miſſionaires de la C. de ]. 3 
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material for this pure Spirit. 
cebrts, Shows, Comedies and Operas. You may 
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This Snare hath drawn more than one modern 
Philoſopher into the Folly of the Indians. The 
Abbot * ** makes no Myſtery of it, he ac- 
knowledges in himſelf only one half of himſelf; 
and notwithſtanding the Weight of his Body, 
which ſeems to revenge this Affront by the 
Pains it cauſes to the Soul, without delibera- 
ting he looks upon himſelf as a pure Spirit, 
which without a Body receives according to I 
know not what imaginary Laws of Nature, the 
Impreſſions which it would receive if there 
were Bodies, and if he had one himſelf. 

Ariſt. Probably that he may act in a ſuitable 
Manner, and carry on his new Philoſophy to 


the utmoſt, he neither eats nor drinks. 


TLud. Oh! herein you are much miſtaken, 
he eats and drinks better than any Body. The 
Wines of: Tonnerre or Champagne, and Phea- 
ſants or Ortolans, have nothing in them too 
He loves Con- 


oftner ſee him in Circles of corporeal Beauties, 
than at the Foot of the Altar, contemplating 
the Beauty of the pureſt of Spirits. He never 
denies himſelf the honeſt and lawful Pleaſures 
of Senſe; yet when he taſtes them in Reality, 
he thinks he only enjoys them in Idea. Some- 
times we take Deluſion for Reality; he takes 
Reality for Deluſion, but loſes nothing by it, 
except the Reputation of a wiſe Man, by Vir- 
tue of his being a Philoſopher. 
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Ariſt. He has loſt more in my Judgment; 
he has loſt the Truth. For, in ſhort, the 
Scripture which contains the holieſt Maxims, 
the nobleſt Ideas of the Deity, and a Worſhi 
moſt worthy of God; the Scripture, which 
cannot deceive us,/ teaches us that there are 
Heavens, Earth, Plants, Waters, Seas, Men 
who ought to feed upon the Subſtance of a 
God-Man, an Air which Men breathe, a Moon, 
a Sun, and Stars; all Beings created by the Hand 
of the Almighty. Can theſe created Beings 
be only ideal Beings? Can they only exiſt in 
my Mind, or in the Ideas of God, that is to 
ſay, be created without being created? 

Eud. Do you believe that without the Aſſi- 
ſtance of Faith one can rightly know the Ex- 
iſtence of thoſe Beings? 

Ariſt. J am convinced of it: We know it 
without the Aſſiſtance of Faith, if the con- 
ſtant Information of our Senſes, an unavoida- 
ble Biaſs engraven on our Souls by the Author 
of Nature, the Idea of God and Reaſon, all 
concur to teach it us. In an important Affair, 
where the Queſtion is about knowing whether 
we owe any external Worſhip to God or nor, 
we ought to depend upon ſuch like united 
Rules of judging. Now all this conſpires at 
once to make us ſenſible of the Exiftence of 
Bodies; for 1. at all Times, conſtantly, and 
from my Birth, I perceive by my Senſes a 
Thouſand and a Thouſand different Bodies; 
and in this Varicty I can diſtinguith the ſame 

Bodies. 


* 
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Bodies. 2. I find in my ſelf a neceſſary Incli- 
nation to believe what the conſtant Informati- 
on of my different Senſes tell me concerning 
the Exiſtence of Bodies. This Inclination has 
nothing in it foreign to my Nature, I received 
it with my Life; therefore muſt have received 
it from the Author of Nature. 3. The Author 
of Nature is equally good and wife; of this the 
Idea of God convinces me. Being equally 
good and wiſe, would he permit me to deceive 
my ſelf in judging both upon the conſtant In- 
formation of my Senſes, and upon a neceſſary 
and natural Inclination which he has planted 
in my Soul, and alſo upon the Idea which I 
have of his Wiſdom and Goodneſs, in a Mat- 
ter of Conſequence, wherein I do nothing con- 
trary to Reaſon, but am rather authorized by 
it? My Reaſon tells me that God does not per- 
mit it, at leaſt without derogating by a Mira- 
cle from the Laws of his ordinary Providence, 
one of which unayoidably* leads me to judge 
that there are Bodies. | 

Therefore without the Aid of Revelation I 
know the Exiſtence of Bodies. | 

Eud. But you who doubt fo little of the Ex 
iſtence of Bodies, are you well aſſured that your 
own 1s not a Phantom? 

Ariſt. If my Body is only a Phantom, I owe 
no external Worſhip to God: But I owe him 
an external Worſhip; every Thing tells me ſo, 
my Reaſon cannot doubt it; therefore my Body 
is no Phantom. Seeing I am a reafonable Be- 

| C 3 ing, 


\ 
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ing, I ought to be capable of diſcerning whe- 
ther I owe my Creator an external Worſhip or 
not; but I cannot diſcern it without knowin 
whether I have a Body, or not. All the ſound- 
eſt Rules of Truth oblige me not to queſtion 
whether I have a Body; therefore, Sc. 
Eud. Your Reaſonings are folid. 
Ariſt. They ought to be ſo; I have drawn 
them from your Writings. | 
Eud. You are too forward in praiſing, Ari- 
ſtus. A true Taſte of Truth rarely praiſes. 
Ariſt. A true Reliſh of Truth pays to Merit 
the Tribute that is due to it, and Praiſe is the 
natural Tribute of Merit. | | 
Eud. There needs no extraordinary Merit 
to find out Reaſons for judging that there are 
ſenſible Bodies before our Eyes. Bur is there a 
Species of 1mperceptible Body more refined 
than the Air itſelf, and which after M. De/- 
cartes, we may call ſubtle Matter, and cele- 
ſtial Matter? Nothing is of greater Impor- 
tance to Phyſicks; it is perhaps the moſt fertile 
Source of the Wonders of Nature. In order 
to diſcover this fertile Source, we muſt firſt 
have ſome Idea of this Air which we breathe. 
Arift. The Air, Eudoxus, which we breathe, 
preſerves and prolongs our Days ; is it not very 
juſt then that we beſtow ſome Moments upon 
enquiring into its Properties? © 5 | 
Eud. It certainly has ſurprizing Properties; 
and what appears to me yet more aſtoniſhing: 
is, that the greateſt Part of Mankind are ſen- 
| 8 ſible 


- 
= 
———C 
— — 


2 


— 


— —— 


— 


. 
4 
164 
11 
I 
: 5 
l 
N 
0 : 
1 
i ( 
61 
1 


C0 Y Way We 


o., 


The Exiſtence of Bodies, &c. 23 


ble of their Efficacy, without knowing them. 
Hardly do the Vulgar know there is ſuch a 
Thing as Air, unleſs the Reality of it be ma- 
nifeſted to their Senſes by the Guglings of a 
Bottle, cauſed-- evidently by the interrupted 


| flowing of the Liquor, and the violent and al- 


ternate entering of the Air. f a 
They call Air this tranſparent Liquid which 


ſurrounds us immediately, which the Face or 


Hand feels when one agitates it rapidly with 
the Hand only, or with a Fan, and which 
carries Coolneſs and Life into the Lungs by 


XX Reſpiration. This Liquid encompaſſes the 
wahole Earth, ſince it is equally a Principle of 


Life for all Men every where. It is extended 
even above the Top of the higheſt Mountains 
and its univerſal Extenſion is what we call the 
Armoſphere . | | 
The Atmoſphere, tho' its Tranſparency ren- 


ö [ ders its ſmall Parts inviſible, is blue in itſelf; 
for 1. Lift up your Eyes towards Heaven in 
fair Weather, and it preſents this Colour to 


your View on all Sides, which makes us give 
the Name of Sky-blue to that which reſembles 
it moſt. 2. You would ſay that a Sky-blue 
were ſpread over the high Mountains, which 
one ſees at a Diſtance through the Atmoſphere. 


3. In the Night, when the Air is without a 


Cloud, receive upon a Sheet of white Paper, 
but ſeparated in two Places by an opake 
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and perpendicular Piece of Paſtboard, the Light 
of the Moon, and of a Candle; the Place en- 
lightened by the Light of the Candle appears 
reddiſh ; and that by the Light of the Moon 
appears blue s. Is not this becauſe the firſt 
has paſſed through a little Air, and the other 
by paſſing through much, the Colour of which 
is blue, is in ſome fort dyed with it? It is true, 
the Air which is near us does not appear blue, 
but that is becauſe in a ſmall Space there are 
not Parts enough coloured in ſuch Sort, as to 
make any ſenfible Impreſſion. Thus while a 
Glaſs of Wine appears to be of a lively red, 
and ſuch as invites us to drink, one Drop only 
of the ſame Wine has but a weak Colour ; be- 
cauſe in the full Glaſs there is a Number of 
Parts livelily coloured, the Impreſſion of which 
is united in the Eye, while there are only a 
few in the Part that is ſeparated; and if the 
Wine contained in the Glaſs is but faintly co- 
loured, the ſeparated Drop appears as clear as 
Water. 5 

Ariſt. What then is the Nature of this co- 
loured Air? | 

Eud. The Air is a Body whoſe Parts are ve- 
ry fine, ſhort, agitated, leſs indeed than thoſe 
of Fire, but more than thoſe of Water, ramoſe, 
flexible, having a Stiffneſs and a Springineſs 
like thoſe of Cotton. 1. The Air 1s a Body; 
for it makes itſelf to be felt, it cools, and has 


8 Mariote, de la Nature de PAir, p. 227. 
Exten- 
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Extenſion. Faſten a burning Coal to the Bot- 


tom of a Veſſel turned upſide down perpendi- 
cularly; plunge the Veſſel into Water; the 


Coal is ſunk without being extinguiſhed; but 


ſt for what Reaſon? Becauſe the Air having no 
er vent, and preſenting to the Surface of the Wa- 
ch ter the equal and ſmooth Surface of its own 
e, Extenſion, with the fame Reſiſtance in all the 
e, Parts of its Surface, hinders the Water from 
re penetrating, and approaching the Coal. 2. The 
to Air has Parts very fine and ſhort; it flows 
a through imperceptible Pores, is moved, gives 

Place, and is divided, without any ſenſible Re- 
ly ſiſtance, in our paſſing from one Place to an- 
e- other. 3. The Air has Parts agitated; it dries 
of Linnen: How is that done? Why by looſening 
h che ſmall Parts of the Liquor, which it cannot 
a do but by the Agitation of its own Parts. 
e 4. The Parts of the Air are leſs agitated than 


> Mi thoſe of Fire, becauſe the Fire dries Linnen 
s much quicker. But the Particles of the Air 
are both more agitated and more minute than 
choſe of Water; accordingly the Air conveys 


— 
Odours more effectually, neither does it freeze, 

- Awhile Water is turned into Ice. Finally, the 

e 8 Parts of the Air, though they are very fine, are 

„ WE nevertheleſs branchy, flexible, and elaſtic, ſince 

8 che Air is compreſſed and dilated like Cotton. 

; Ariſt. Has the Air, fay you, its Spring? 

S Eud. A Body which is contracted and bent 


by the Action of ſome foreign Force, and 
_ybich is dilated and unbent as of it ſelf, has 
| Us 
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its Spring or elaſtic Virtue: Now the Air is 
contracted and dilated, bent and unbent, after 
this Manner: For 1. preſs an ordinary Foot- 
ball on all Sides: It is compreſſed, and cannot 
be ſo without the Contraction and bending of 
the internal Air. Forbear that Preſſure, and 
the Foot-ball will be extended: Why? Becauſe 
the internal Air being ſet at Liberty, it is dila- 
ted and unbent. 2. By Means of a ſmall 
compreſſing Pump and ſome Suckers, they 
make the Air enter at ſeveral Times into the 
Cavity or Chamber of a ſort of Fuſee, which 
they call a Wind-gun. The Suckers being 
ſhut up by the Effort which the Air makes 
to get out, retain it there on one Hand; a 
moveable and cylindrical Key retains it on the 
other; and there you may compreſs, bend and 
contract it twenty, fifty, nay a hundred Times 
more, if you will, than it was contracted 
without. Run a Bullet into the Barrel of this 
philoſophical Fuſee, and turn the Key: The 
Air being freed, ſuddenly iſſues out, and vio- 
lently drives the Bullet before it: Take Care 
not to ſtand before the Mouth of the Fuſee, 
for being pierced with the Stroke, you would 
take the Effect of the Air for that of Gun- 
powder, though too late. The Bullet will 
pierce a Plank through and through. Let us 
try the Experiment. Whence Proceeds this 
ſurprizing Effect, if not from the ſucceſſive 
Contraction and Dilatation of the Air? There- 
fore the Air has its Spring. Further, I lay it 

as 
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as Weight. One Day or other we ſhall ſee 
proof of this in its marvellous Effects. Let 
Ws return to the ſubtile Matter; or rather let 
s defer it till to Morrow. | | 
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4 Upon the Exiſtence of the [ubtile Matter. 


A riß. 
Wit you will convince me that there is 
Mubcile Matter in the World. I have ſeen ſome 
lid Philoſophers, nay Profeſſors of Philoſophy, 
bo are equally to be reſpected both for their 
ge and Dignity, declaim vehemently againſt 
nis ſubtile Matter. If you ſhould hear them 
n their Tranſports, it is nothing but the Ef- 
ect of an Imagination capable of overturning 
MEÞoch Phyſicks and Morality. They produce a 
8 Rcaſon for ir which you would not eaſily 
Monjecture; that is, that they cannot ſee this 
btile Matter. 
Eud. The Reaſon is wonderful! They are 
f ſuch an Age, that they can ſcarcely ſee the 
iggeſt Objects at their Feet; and yet in a gay 
Wumour they annihilate the ſmalleſt, becauſe 
ey do not ſee it. I am much afraid, leſt 
hoſe antient Enemies to a ſubtile Matter, far 
from 


Do not well know, Eudoxus, how 


— — 
— — — 
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from annihilating it, ſhould become annihila- J 
ted themſelves in our Eyes, through the want 
of a ſubtile Matter to warm that Blood which þ 
old Age has froze in their Veins. 
Ariſt. But pray, Eudoxus, what do you un- 
derſtand by ſubtile Matter? Is ; it that globulous 


Matter, thoſe imperceptible hard and round Bo- 


dies, whoſe Diſcovery and Original are equally * 4 
aſcribed to M. Deſcartes? Or chat Matter which 
is ſtill more minute and more agitated, which 
according to the Fancy of our modern Philo- 
ſophers, changes its Figure more eaſily than 
Proteus? 

Eud. I underſtand here in general by ſubtile 
Matter , a Matter finer than the Air which 
we breath; Matter very minute, and which 
being continually agitated after a Thouſand and 
a Thouſand different Ways, and preſerved in} 
its Agitation by that of the Stars and the Sun, 
cannot fail of taking and having in its Cor- 7 
puſcles, a Thouſand and a Thouſand different * 
Figures, triangular, ſquare, ſpherical, Sc. 

iſt, But how do you prove the Exiſtence?! 
of a Matter, which you ſeem to believe as an- 
tient as the World itſelf, and which yet 25. 

ears new to many of che Learned. v 

Eud. To prove this, I obſerve, and ſhall 
make others obſerve, a Fact in a Machine, 
which they ſometimes call Boyles Machine, 
ſometimes an . or Machina Vacui.\g F 
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See the Notes upon Converſation V. 
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ray obſerve mine, Fig. 1. It is compoſed, as 
ou ſee, of a Pump, or hollow Cylinder (a); 

= Piſton, or ſolid Cylinder (), which aſcends 
r deſcends at Pleaſure; a Copper-Plate (c), 

Nored through the Middle, upon which I place 

= Vcficl of Cryſtal (4), made almoſt in Form 
fa Bell, and which is called the Receiver; a 
Pipe (e), which communicates with the Barrel 
nd che Receiver by the Hole in che Plate; a 
lundrical and moveable Key (, which di- 


eiver. 
lf I open the Communication, and draw the 
icon downward, you will hear the whizzing 
Pf a liquid Matter, which paſſes with an acce- 
erated Swiftneſs from a larger Space into a 

== | Warrower, from the Receiver into the Barrel, 
= | py the Hole of the Plate. I raiſe the Piſton, 
ter having ſhut the Hole of Communication; 
e pumped Matter iſſues out impetuouſly by 
he Grooves of the Key: I continue pum ng 
11 


t ſeveral Times. The liquid Matter til 
ſues out with a Noiſe, affifiing my Endeavour 
o draw the Piſton; but at laſt the Noiſe ceaſes, 
nd my Effort is no longer ſeconded. 


. Pump 
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Pump an hundred Times without ede Re ji 
the pumped Matter to enter e into the Re- 
ceiver: The Receiver never fails to be full of C f 
Matter; for it is full of Light, and Light is a 
Body, ſince a Light too lively hurts the Eyes 7 
and it is only one Body that diſorders, touches 1 
and hurts another: Now this Matter which 
always fills the Receiver, is different from that 
which is pumped out. That which is umped of 
out, cools, and preſerves Life. Animals die in 
the other; this Goldfinch, in which I take ſo [ 
much Pleaſure, would preſently loſe therein 
both its Gaiety and Life, as an hundred little 
Sparrows have already done. The firſt whiſtles | EF: 
in going out; and my Watch ſtrikes in it what 
Hour you pleaſe; the other makes no Noiſe, | 
and the Watch is never heard in it. The firſt 
ſeconds the Deſcent of the Piſton, the other 
does not in the leaſt facilitate it: The firſt nei- Y ; 
ther penetrates Glaſs, nor Cryſtal; for other- | 
wiſe being driven out of the Pump by the 
Groove, it would return in making a Circuit, 
paſs through the Receiver, enter into it again, | 
and always produce the ſame Effect; as Air 
driven out of a Chimney by the F lame, always 
returns with the ſame Whiſtling through the 
Cracks of the Doors or Windows: The other 
penetrates the Receiver without Reſiſtance, 9 
ſince it ſucceeds the former, and tranſmits Light 
to our Eyes. The firſt then muſt be more 

groſs, and that is Air; this other muſt be finer, 
— is the ſubtile Matter. Therefore there is 
ſubtile 


8 


The Exiſtence of ſubtile Matter. 31 


ſubtile Matter, which was the Thing to be 
proved. 
There is, I fay, a ſubtile Matter, and this 
= ſubtile Matter is as old as the Univerſe, if 
A there is in the Air, which we breath, Matter 
finer than Air itſelf: Now there is in the Air 
8 Matter finer than the Air itſelf; for Matter 
IF which penetrates Glaſs and Cryſtal, is finer 
Matter than Air itſelf; the Air which carries 
Life into our Lungs neither penetrates Glaſs 
nor Cryſtal, ſince Animals die for want of Air 
10 in a large Veſſel of Glaſs or Cryſtal: But there 
herein is in the Air a Matter which penetrates Glaſs 
6 little and Cryſtal; Light certainly penetrates both 
hiſtles the one and the other, ſince it makes us ſee 
what coloured Objects through both; and its Rays 
Noiſe, paſſing through a Priſm preſent to our Eyes the 
e firſt AF Colours of the Rainbow, and paint a Wall 
other 7 with the moſt beautiful Colours: Now Light 
ſt nei- is Matter diffuſed in the Air, it is a Body; in 
other- ſhort, Light touches, agitates and hurts the 
y the \ * Eyes; and what touches, agitates, and wounds 
1rcuit, a Body, is Body: Lucretius ſpeaks like a Phi- 
_— loſopher, when he fays: 
as Air 
lways 8 
h the Þ 
other Body alone can touch, and touches only Bo- 
ſtance, =_— dy: Therefore there is a ſubtile Matter. 
Light WF But further, is there not a Matter more de- 
more licate than Air, a ſubtile Matter, which in 
finer, Time of Heats being ſenſible, if I may thus 


lere is peak, 
ſubtile 8 1 


Tangere enim & tangi, niſi corpus, nulla poteſt res. 
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ſpeak, of the new Degrees of Heat, pierces 
the Glaſs of the Thermometer, and therein 
makes the Spirit of Wine ferment and aſcend, 
in order to let us ſee with the Eye thoſe new 
Degrees of Heat which we feel? And muſt 
not ſome Matter of this Species inſinuate itſelf 
into the Boſom of the Earth by a Thouſand 
imperceptible Channels, in order to give by 


their Motion to divers Elements that Configu- | 
ration, Arrangement and Texture, which con- 


ſtitute precious Stones, Silver and Gold? Is it 
not a ſubtile Matter, which directs, agitates 
and animates the Loadſtone, and iſſues out of 
its Subſtance, in order to encompaſs it with a 
Vortex of Filings of Iron; and makes Iron or 
Steel court it or fly from it, while precious Stones, 
Gold or Silver make no Impreſſion thereon? 
Is it not this ſame Matter which by impercep- 
tible Paſſages ſearches out, corrodes, under- 
mines, and conſumes the internal Parts of hard 
Bodies, and reduces to Duſt, Stones and the 
molt ſtately Edifices? Is it not that which by 
its Agitation cauſes the Fermentations, the 
Fluidity of the Blood and Humours, and ren- 
ders the Subſtance of the Brain more ſoft, 
flexible, and fit for producing new Ideas, 
Ariſt. That is to ſay, ſubtile Matter works 
Miracles in the Sight of thoſe who admire 
them, while they do not acknowledge it. It 
enlightens them, yet they perceive it not; its 
Light diſcovers the moſt ſecret Myſteries, and 
yet does not make itſelf known ; it remains in 


Darkneſs, 
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"Ces Darkneſs, while it ſpreads a Light over all; it 
rein gives Vivacity and Penetration to the Mind, 
nd, 3 yet the Mind uſes them maliciouſly againſt it: 
ew For you may daily hear ſome of your new Phi- 
auſt Mocophers jeſting upon ſubtile Matter. Ir is the 
tſelt Source of Riches, and yet is rejected; it re- 
and Wives old Age, which would gladly reduce it 
by Wo nothing, or diſſipate it, if by its prodigious 
gu- Poubtlety it did not eſcape the Eyes of its Ene- 
con- znies. (By making Men happy, it makes them 
Is it ngrateful). 2 

End. I apprehend, Ariſtus, that the very I- 
Fa of a ſubtile Matter awakens your good Hu- 
Pour. Perhaps the ſubtile Matter has a great- 
Share therein than you think of; the live- 
. but moderate Agitation, which it produces 
"ID your Blood and the Fibres of your Brain, 
"Mr ves to diſſipate any cloudy Humours, and 
F< you pleaſing Ideas. You jeſt, you laugh 
my Sentiments concerning a ſubtile Matter; 
hope our Converſations will convince you of 
Reality, and that this ſubtile Matter has 
Bade you a Man of Wit, without making you 
Ingrate. | 

Ait. I believe your Sentiment in the Main 
ſolid, Eudoxus; I am for a ſubtile Matter. 
cheers my Mind; I love to ſee it circulate at 
ur Pleaſure through the whole Univerſe, and 
rk Wonders every where. Nay its Small- 
is gives me no Uneaſineſs neither, ſince 
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t; its l 
f and have ſeen Animals ſeven and twenty Mil- 
ins in Ins of Times leſs than a Mite, But how came 


kneſs, | Fol L D Ariſtotle 
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_ Ariſtotle, whom they call the Genius of Na- 
ture, not in the leaſt to perceive this fertile 
Source of Wonders? 
Eud. Though Ariftofle did not perceive it, 
it was however not at all the leſs real: He 
had no Notion of the Circulation of the Blood, 
which flowed in his Veins; yet the Blood has 
never ceaſed to circulate in all Men from the 
very firſt even down to us, paſſing with a pro- 
digious Rapidity from the Heart to the Extre- 
mities of the Body, and returning with the 
ſame Velocity from the Extremities to the 
Heart, as we ſhall ſee one Day or other. But 
read Ariſtotle ; you underſtand the Greek, tho 
unknown to many of Ar:flotle's Enemies; in a 
hundred Places he ſpeaks of an etherial Matter, 
of a Fire univerſally diffuſed, in the Air, and 
above the Air. This Fire, this etherial Mat- 
ter, is it not the ſubtile Matter, of which theß 
will have M. Deſcartes to have been the firſt 
Inventor ? | 
Ariſt. Though a ſubtile Matter had not ob- 
rained the united Suffrages of Ariſtotle and Deſ- 
cartes, yet ſhould J voluntarily yield to your 
Reaſoning : Notwithſtanding your Reaſons ſup- 
poſe Bodies to have Pores, that they are pierc d 
through with a Thouſand and Thoufand Holes; 
I ſhould be glad to ſee thoſe Pores, thoſe im- 
perceptible Holes, as clearly as I perceive the 
ſubtile Matter, and then I ſhould be fatisfied. 
I have ſeen ſome Perſons who have been in- 
credulous about theſe imperceptible Pores. ; 
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Na- Ed. Well, we ſhall endeavour to ſatisfie 
tile ou upon this Head in our next Converſa- 
* ® | 
ood, 

has 

the 

pro- CoNVERSATION IV. 

xcre- ; 

— Upon the Poroſity of Bodies. 

the HF | 

But rife. HEN one ſees the whole Uni- 
tho verſe overflowed with a ſub- 


in 2 ie Matter, and is convinced that it is, as it 
latter, ere, the Soul of it, we muſt of Neceſſity al- 
, and it a free Paſſage in an extreme Porofity, in 
Mat- er to its ſpreading its Influence univerſally. I 
h they "Me ſay, Eudoxus, that you ſee clearly, even 
e firſt Mrhis ſubtile Matter every Particle, as it were, 
ed and pierced in a hundred Million of Pla- 
ot ob- ; at leaſt. But to ſpeak freely, is it proba- 
d De/- chat all Bodies have their Pores? * 
> yout Eud. It is not in the leaſt probable that all 
ns ſup- perceptible Bodies have them; neither my 
pierc'd es nor my Reaſon ſee them in the ſubtile 
Holes; ter. The Particles of ſuch like Corpuſcles 
fe im- Ne ſo little Conſiſtence, and are ſo minute, 
ive the t che leaſt Force ought, I imagine, to unite 
atisfied. m immediately, But as the Particles of all 
een in- fible Bodies have more Solidity, and diffe- 
2s. Figures, as round, ſquare, &c. it is pro- 
Eud 8 2 bable 
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bable that they have Interſtices or Pores. What 
ſay I, probable? Ir is a certain Fact, which 
Reaſon and Experience jointly teach us. F 

Bodies cannot be compreſſed without Pores; 
Compreſſion is occaſioned only by the Ap- F 
proach of the Particles, and their Approach 
ſuppoſes that they were ſeparated by Interſti | 
ces, which are otherwiſe called Pores. Expe- 
rience ſufficiently ſhews that all ſenſible Bodies 
are compreſſed, even the moſt ſolid. Ivory ] 
| 
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does it remarkably. Let fall a Billiard Bal 
from a certain Height upon a Plane of Marble 
covered over with a light Lay of Tallow ; you 
will fee in the Tallow a round Figure, prettyz% 
large, which could not have been made bur by 
a conſiderable flattening of the Ball, There) 
fore all ſenſible Bodies have their Pores. Why? 
does Water weigh fourteen Times leſs than ani 
equal ſenſible Portion of Quickfilver ? Becauf 
Water poſſeſſes no more than the fourteen 
Part of the Space which it ſeems to do; ſo me 
ny Interſtices are there in it. 1 
What Species of Body is chere, that has then 1 
not? Tis evident that Cryſtals, Rubies, and 
Diamonds have them; ſince they are tranſp⸗ 4 
rent, and afford a Thouſand free Paſlages u 
the Light, which is a Body that often dazzle 
and hurts the Eyes. Why does a Ball d .% 
Glaſs, hollow and full of Light, move as it 7 
ly upon an horizontal Plane, as if it containet 3 
no other Matter than its own? Becauſe the u 
minous Matter, of which it is full, iſſues ov 1 2 
=p free 
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What 3 eely, and other Matter of the ſame Sort en- 
which ers with the ſame Freedom through the Pores 
c che Glaſs; otherwiſe the Sphere would make 
ores: fl s great a Reſiſtance as if it were full of Mer- 
e Ap- Mury, ſince its Reſiſtance would be according 
roach il the Quantity of Matter which it contained. 
| not -your Body all over full of Pores? There 


. W * 
7 
1 


terſti- | There. 
Exne. not one Part, wherein Sweat does not find 
Bodies me Paſlage in a Criſis, or an exceſſive Heat: 
Ivo, d why does it grow lean through your In- 


ſe ſtudying of Philoſophy? Becauſe its Sub- 
Marbl: nce, which the natural Heat puts into a con- 
17 ual Agitation, is exhaled by Tranſpiration, 
* Dchout your taking any Care to recruit it. 
** 5 me Philoſophers who have been fo curious. 
Tn to weigh both their own Bodies, and the 
WI ouriſhment which they took, and the Su- 
1 L I rfluity that paſſed off without being changed. 
read Mo Juice, have diſcovered that the greateſt 
rt of our Aliment muſt be diſſipated by 

ys imperceptible. 17 233 


d Ball 4 


irteent 


15 f . * 
ſo m iS Ariſt. The Light, which comes to my Eyes 
1 ough Glaſſes and precious Stones, diſcovers 
4 | 


res to me therein; that Tranſpiration, which 


ies, an . : 7 

» © cording to you dries me up, obliges me to 
N Wnowledge them in my ſelf, beyond what I 
| = able to imagine. Bur hard and opake Bo- 


s, Oak for Example, Metals which are the 


a__ pſt compact Bodies, Iron, Silver and Gold, 
; AS e 4 puld they be alſo made by Nature to give Ac- 
9 do che ſubtile Matter: 


ſſues o. 
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Eud. The ſubtile Matter, which ſince the 
Origin of the World has been preſerved only 
by Agitation, ought, no doubt, in labouring to ; 
form thoſe Bodies, to have provided therein 
free Paſſages for neceſſary Occaſions. Would 
you believe it, Ariſtus? Oak has at leaſt twenty 


Times more Pores, and * ces in it, than 
it has of its own Matter. ort, the appa · 1 
rent Bulk, the Maſs of Ok weighs —_ i 
Times leſs than an equal Bulk of Gold. Fot 
Water weighs nineteen Times leſs than Gold, 
and Oak weighs leſs than Water, ſince it float: f 
upon it. Metals diſſolved by Heat, let us ſee 
ſufficiently that they have Pores open, and al. 
ways ready to receive Corpuſcles of Fire, their 
Deſtroyers and Enemies; but you muſt have 
Facts more ſurprizing; then obſerve them. 
1. Lime and Orpiment digeſted ten or eleven 
Hours in Water, over a Sand Heat, afford: 
clear Liquor. Write with Vinegar impregna - 
ted with Salt of Lead, and the Writing doe 
not appear; but che former Liquor palit 
through an entire Book, you will be able u 
read that inviſible Writing. And this is H. | 
patherick Ink ||. 1 
2. Shut up in Boxes of any Sort of Merl 
you pleaſe, ſome Tin or Silver: The ſulphureom 
Exhalation b of the Boulogne Stone, newly cal. 4 a 
cined, finds Acceſs to it, it dyes che Tin way 


$ 


|| Lemery, p. 390. 
n Mem. de Acad. p. 142. 1709. 
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I cqꝛe Colour of Silver, and Silver with that of 


ing to M. Hombergh, an expert Chymiſt of the A- 
herein ¶cademy of Sciences, made Salts paſs calmly 
Vould rhrough Iron and Silver before your Eyes. One 
wenty may believe iti, A Salt extracted from a Mix- 
than ure of quick Lime, diſtilled Vinegar, Salt- 


peter, Sea Salt, and common Sulphur, melts in 
wenty n Iron crucible over a ſtrong Fire, and quiet- 
Fot iy penetrates the Iron, as Water paſſes through 
Gold, prown Paper, without diſordering any Part, or 
t floaty eaving any Trace of its Paſſage. One Part of 
us ſee Lime drawn from a Solution of fine Silver, two 
nd al Parts of corroſive Sublimate, and three of crude 
, their | Antimony, reduced to Powder, mixed exactly, 
nd diſtilled over a Sand Heat, afford a bitu- 
inous metalline Matter, which melts like 
1 ax; and being melted upon a Plate of Sil- 


Wer about half a Line thick, is imbibed into 


N 
= Q Fa 


is fym- Menſes, than in ſenſible Objects, muſt have diſ- 

Ppoſed in Iron and Silver a prodigious Number 
* Metal f Pores, all communicating with one an- 
zureouw cher. Gold has its own Pores, as well as Sil- 
vly cal 3 ver; for Spirit of Sea Salt diſſolves Gold, and 
in with Au Regia, compoſed of Spirit of Salt and 
4 Spir it of Nitre, reduces Gold into a Liquor, 


* 


i Mem. de VAcad. 1713. p. 8. 


wy D 4 Wich- 
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Without the Interſtices in the Gold, could this 


Diſſolvent find Acceſs into the Texture of this 


Metal, or could it eat into it? 
Arift The Experiments and Labours of the 
Academy have certainly given us a great Light 


into ſeveral very obſcure Things. Your Rea- 


ſonings, and the Experiments of M. Hombergh, 
diſcover to me by what Ways the ſubtile Mat- 
ter can, in ſome Sort, animate the Earth. 
Thoſe ſecret Ways, thoſe imperceptible Routs, 
have probably different Figures, and are of 
various Bigneſs in divers Bodies; the various 
Texture, which makes different Bodies, ought 
to cauſe this Variety in the Pores: But I ſhould 


be glad to have ſome Experiments capable of 


conyincing me beyond all Contradiction. Ex- 
periments' which ſtrike the Senſes, often con- 
firm our ſtaggering Reaſon. 

Eud. Experience in this Caſe Nill agrees 
with Reaſon. Why 1s Spirit of Nitre a — 
Diſſolvent of Silver and not of Gold, and Spi 
rit of Sea Salt the proper Diſſolvent of Gold, 
and not of Silver? Why does Aqua Regia, 
compounded of Spirit of Salt, and Spirit of 
Nitre, reduce Gold into a Liquor, without 
diolving Silver; while Aqua Fortis, in which 
Spirit of Nitre is predominant, reduces Silver 


into a Liquor, without diſſolving Gold? The 


different Poroſity of Gold and Silver probably 


occaſion thoſe different Effects. Since Gold 


weighs much more than Silver, probably the 
Pores of Gold are much ſtraiter. Whence 


» 7 
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f Upon the Porofity of Bodies. 4t 
d this he Points of Spirit of Salt being probably fi- 
this ier than thoſe of Spirit of Nitre, find them- 
elves too much at Liberty in the Pores of Sil- 
f the Meer, and make no Impreſſion upon it; but 
Light liding with ſome Difficulty, notwithſtanding 
Rea- heir Smallneſs, into thoſe of Gold, they pro- 


ergh, Wuce therein the Effect of a Wedge, by divi- 
Mat- Hing and diffipating the ſolid Parts. On the 
darth. Fontrary, the Points of Spirit of Nitre being 
outs, probably thicker than thoſe of Sea Salt, pene- 
re of rate into the Pores of Silver with Difficulty, 
rious Mend therein do the Buſineſs of a Wedge, by ſe- 
wght Parating and diſſipating the ſolid Parts: But not 
10uld | being able to run into thoſe of Gold, they 


le of make no Impreſfiion upon it; however being 
Ex- nixed with Spirit of Sea Salt in the Aqua Re- 
ia, they find Acceſs into the Gold, corrode 


con- 

end demoliſh it, becauſe the Spirit of Salt 
grees makes them fine enough to gain with ſome 
roper Effort a Paſſage into the Interſtices of the Gold. 
| Spi- © hus Water, which paſſes freely between the 


Gold, Arches of a Bridge, does it no Harm; but 
Legia, ould it meet with any Obſtacles, it overturns 
it of all. It ſometimes happens that Agua Fortis, 
thout too pure, and too ſubtile, is a Sort of Agua 
vhich 14, that diſſipates Gold and ſpares Silver: 
Silver Pour upon it a certain Quantity of common 
The Water, and it will diſſipate Silver, and ſpare 


43 


bably Gold. Whence then does this proceed, but 
Gold from the Inequality of the Pores * ? 

* the J | ; 
1ence i 


the 
3 


_ * Hiſt. de Acad p. 374. 
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Wine and Water diſcover to us, as well as 
Spirit of Salt and of Nitre, a Difference in the 


Pores; For Wine, which is filtred and inſinu- 1 
ated into the Subſtance of ſeveral Bodies, does 
not always paſs through where Water paſſes. 


If you ſuſpect any Mixture of Water in Wine, 


pour the Liquor into a Veſſel made of Ivy; 5 


that Water which might have deceived you 
under the Appearance of Wine, parts from it, 
goes off, and diſtills Drop by Drop; the Wine 


remains at the Bottom of the Veſſel, and the 


Taſte finds nothing there but pure Wine. 
Ariſt. Well, I fee plainly, you will not have 
the Water, which takes or ſeems to take the 


Colour of Wine, take alſa its Nature. Vou 


 chuſe rather to conceal it in the Pores or Inter- 


ſtices of the Wine. 

Eud. If 'tis poſſible to ſeparate Water 
from Wine ten Days after they have been 
mixed, it is evident that Water does not aſ- 
ſume the Natyre of Wine in the Mixture: 
But this may be done, and Father Maig- 
nan of the Order of Minims has done it“. 
I mixed, ſays he, with ane Part of very 
ce clear Well-water, two Pints of old Wine, 
1e 2 and of a ſtrong red Colour. I let the 
* Mixture alone for about ten Days and ten 
Nights in a Veſſel, very little concave, and 


e whoſe Mouth was large, waiting for a De- 


« gree of cold, fit to freeze the Water without 


T. I. p. 332. 
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if 


ell az . freezing the Wine. A North-Wind produ- 
in the ( ced this Effect in the Night. In the Morn- 
nſinu- J ing 1 found the Water frozen upon the Win- 
, does „ dow without. I bowed down the Veſſel. 


paſſes. „The Water remained ſtill immoveable, but 
Wine, „ immediately almoſt the Wine diſtilled. You 
| Ivy; $6 might have ſeen the Drops of this Liquor 
I you 4 filter through the Water, paſs ſuccefiively 
om it, Me from Interſtices to Interſtices, and run inta 
Wine _ the Veſſel which I had ſet under it. All the 
d the © % Wine quitted the Pores of the frozen Wa- 
u ter. It became wholly whitiſh, and was 
t have ite pierced through with Thoufands of ſmall 
e the Holes, like a fort of Fringe. Finally, when 
You the Ice was melted, there was nothing to be 
Inter- ( ſeen in the Veſſel, but very chan Wins 


Water 
been 
ot aſ- 


ithout 


4 wb * 
wo lf 


_ ” 


without any Appearance of Wine. 
Ariſt. I am equally convinced of the Poro- 
3 ſity of Bodies, and of the Variety of their In- 
* terſtices; but fear leaſt my reſtleſs Imagination 
ſhould ſeduce my Reaſon, when my Eyes do 
not diſcern the Objects; pray let us try to diſco» 
ver the Pores with a Microſcope. Whatever 
ſtrikes the Eyes, makes a deeper Impreſſion uf 
on the Mind, than any Thing related to us by 
the Learned: Horace very well obſerves +. 


| Py . . . . * 

= Segmus jrritant animos demi ſſa per aurem, 
WT \ bt » . . 
= Reon gue ſunt oculis ſubjecta fidelibus. — 


»H 
= 
* 5 


4% + Ars Poet. v. 180. 


Eud. 
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Eud. Here is my Microſcope, you may ſee 
Pores, in ſome Sort, inviſible. Vou will ſee 
ſome at leaſt in a Coal; there they are diſpo- 
ſed in Order, and very numerous. A certain 
Philoſopher! ſays, that he has ſeen them with 
a Microſcope, and counted to the Number of 
150 in one Row, the eighteenth Part of an 
Inch long; now according to the Calculation 
of that Author, a Coal of an Inch Diameter 
ought to have in it more than five Millions. 
Obſerve then theſe Pores, and ſhew them to 
your incredulous Philoſophers, if their Eyes 
are yet in a Condition to behold Objects mag- 
nified, and ſuch as are twenty or thirty Milli- 
ons of Times bigger than in their natural State. 

Ariſt. 1 am ſenſible there are Pores, Eudox- 
s; but are thoſe Pores empty or not? I ſee 
nothing 'in them but Darkneſs; for my Part 1 
can diſcern no ſubtile Matter. > 

Eud. To Morrow I will tell you my Senti- 
ments on this Head; in the mean Time conſi- 
der of it your ſelf; we will endeavour to diſ- 
cern if there be really any Vacuum in Nature, 
or if it be any other than that, which accord- 
ing to the Language of the Vulgar, is often 
found in the Bottle, the Purſe, or the Head. 


M. Hic. Journal des fcavans, XXII. Dec. 1656. p. 738. 
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 ConversaTION V. 


Concerning a Vacuum. 


Eud. ELL, Ariſtus, ſince our laſt 


Converſation has your Mind ta- 
ken any Flight in your profound Meditations 


F 1 upon a Vacuum? Has it penetrated this Vacu- 
um, this immenſe Nothing, which they place 
immediately upon the Surface of the World? 


Has it run over thoſe Spaces where the Sight 


is loſt, and where Imagination alone wanders 
at Pleaſure ? | 


Ariſt. My Mind, Eudoxus, has made no 


= uſeleſs Journey into your imaginary Spaces; 
it never went out of this World, which how- 


ever ought to have its proper Bounds, though 
the divine Power has none; it remained with- 
in my Cloſet, employed about thoſe Pores, 
thoſe Species of ſmall Vacuities with which 
Bodies are beſtrewed. And ſeeing nothing 
there with the Microſcope, no not ſo much as 
the leaſt Trace of a ſubtile Matter, it aſked it- 
ſelf what is a Vacuum? Is it poſſible? Does it 
exiſt? And I think I have hit upon the Truth. 
Eud. Your Mind is methodical in its Enqui- 
ries; but what is a Vacuum? 


Ariſt. 
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Ariſt. A Vacuum is properly a Surface ca- 
able of containing a Body, without contain- 
ing however any one at all. 
Eud. This is the Idea I have of a Vacuum. 
But is a Vacuum poſſible? 1 
Ariſt. Can Reaſon doubt it, Eudoxus? What 
ever implies no Contradiction is poſſible; a Va- 


cuum implies no Contradiction; for what Con- 


tradition is there in a Surface proper for con- 
taining a Body, and which yet contains none 
at all? Theſe Terms no Way deſtroy one an- 
other: Therefore a Vacuum is poſſible. 

In a Word, ſhould God at once annihilate 
this Air, and all the Matter wherewith we are 
ſurrounded in this Cloſet, without making any 
Change in the Situation of the Cloſer, or in 
the Bodies that ſurround it, there would be a 
Vacuum, and one might ſay that then we 
ſhould find our ſelves immediately under No- 
thing: Now this Suppoſition has nothing in it 
impoſſible, nothing contradictory, nothing that 
is above the Power of a God, who ſtands in 
Need of nothing, who freely preſerves the Bo- 
dies which he does preſerve, who can annihi- 
late ſome, without others, ſince they are ſo 
many diſtinct Subſtances, that he can work a 
Change in them, or not; therefore, &c. 

Eud. Neither M. _ nor M. Robault, 
nor M. Regis, two of the moſt celebrated Car- 
teſiuns, were of your Opinion. 

Ariſt. I know it, but I know alſo that in this 
Matter their Underſtanding was the * of 
cir 


mw A Ii ee > 


wW * 
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4 their Imagination; their Imagination made 
them ſee Extenſion in all the intermediate Spa- 
Nees of Bodies, and this Extenſion they took for 
real Extenſion, for a Portion of Matter; but 
hey took the Phantom for the Reality. Let 
us carry our Imagination as far as we pleaſe 
eyond 6000 Years, or thereabouts, which are 
ſince the Creation of the World, our Ima- 
ination ſtill ſuppoſes an Extenſton; but in 
that Extenſion is there any Solidity? None at 
ll; otherwiſe the World would be eternal. 
Pur Imagination feeds itſelf with corporeal I- 
mages; che Sight of Bodies fills it with the I- 
mage of Extenſion. Hence wherever our Ima- 
M&gination is carried, the Image of Extenſion ac- 
Wcompanies it; but this is only an imaginary 
xtenſion, which has nothing of Body in it, 
nd which vaniſhes before the Eyes of Reaſon. 
Eud. Thus far I agree with you in your 
Sentiments about a Vacuum. But is there any 
Vacuum in the Univerſe? I believe there is no 
ſuch Thing; why? Becauſe there is no Proof 
I of its Exiſtence, and I ſee nothing more uſe- 
eſs than a Vacuum for producing the Wonders 
of Nature. 

Ariſt. For my Part, I own freely that ſince 
have ſeen with your Microſcope Pores in a 
prodigious Number, and ſo many Sorts of Va- 
cuums, I find it difficult not to acknowledge at 
leaſt ſome ſmall real Vacuums with Gaſſendus, 


Lucretius, and Epicurus, 
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Eud. You are then ſomething of an Evici: ® 1 
rean? 

Ariſt. Yes, but then it is only in a Poins, 
wherein one may be ſo with Honour. If 19 
place my fleeting Happineſs in Pleaſure, it is 
only in the Pleaſure of learning the Truth fon 1 
your Mouth. I am alſo ſurprized that you are 
not ſomething of an Epicurean your ſelf: For, 
in a Word, thoſe Pores ſo numerous and amol oY 
infinitely ſmall, which you have made me ſce on” 
in ſenſible Bodies, have a great Appearance of 
being perfectly void; they are ſo in the Judg- 1 ' 
ment of the Eyes; are they not ſo in the Judg- 
ment of Reaſon? What is it that fills them? 

Eud. The ſubtile Matter 1. 


© Since the Refi iftance of a fluid Medium ariſes chiefly fron 
« its Denſity, it from thence neceſſarily folllos, that where there 
% 7s no ſenſible Refi tance of the Medium, there the Medium 1/7 44 
« Hape 0 ſenſi ble Denſity; and therefore ſince in the Heavens the 9 © 
« Comets ſuffer us ſenſible Re /iflance, but exert their Motions tit" er 
& the greateſt Freedim, as if they were in a perfel Vaid, or V. abe 


„ cuum, there /ikerwiſe the Denſity of the Medium muſt be t/ A oven 


« leaſt that can be, or next to nothing. And who Inotos but the Y bel 
« Medium 7n the Heavens may be 0 rare and fine, that if ycu inc 
« except the Planets and their Atmoſpheres, the Matter which . Ft co 


Wat t 


* diffused tbraugh all the reft of the Planetary Region, or our ji F 
Air 


4 
1 
« lar Syſtem, may not be ſ much as that which is contained iu 


9 


Inch of our common Air. And this is demonſtrated ta be pji- Hat 
* ble in Keil's Phyfical Lectures. Keil's Phyl. p. 202. the 

* Liquors w hich differ not much in Denſity, as Water, Spirit 4 35 
* of Wine, Spirit of Turpentine, hot Oil differ not much in or: 
* Reſiſtance. Water is thirteen or fourteen Times lighter than is a 
* Quickſilver, and by Conſequence thirteen or fourteen Times OOC 
rarer; and its Reſiſtance is leſs than that of Quickſilver in the. 95 


* ſame Proportion, or thereabouts, as I have found by Experi- naci 
” ment made with Pendulum. The open Air in which we Vo: 
« breathe 
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Ariſt. The ſubtile Matter! But the ſmall 
barticles of ſubtile Matter have different Fi- 


f * 
1 
” y F | 


WS ures, round, ſquare, Sc. How are thoſe dif- 


1 0 

1 0 ferent 
is | | 

m breathe is eight or nine hundred Times lighter than Water, 


and by Conſequence eight or nine hundred Times rarer, and 
re accordingly its Reſiſtance is leſs than that of Water in the ſame 
Ir, Proportion, or thereabouts, as I have alſo found by Experi- 
t ZE ments made with Pendulums. And in th:nner Air the Reſi- 
SS ince is fill leſs, and at length by rarifying the Air, becomes 
inſenſible. For ſmall Feathers falling in the open Air meet 
with great Reſiſtance, but in a tall Glaſs well emptied of Air, 
they fall as faſt as Lead or Gold, as I have ſeen tried ſeveral 
Times. Whence the Reſiſtance ſeems ſtill to decreaſe in Pro- 
+. portion to the Denſity of the Fluid. For I do not find by any 
4 wh Experiments, that Bodies moving in Quickſilver, Water or 
Air, meet with any other ſenſible Reſiſtance, than what ari- 
"I ſecs from the Denſity and Tenacity of thoſe ſenſible Fluids, as 
A. 


they would do if the Pores of thoſe Fluids, and all other Spa- 
ces, were filled with a denſe and ſubtile Fluid. Now if the 
Reſiſtance in a Veſſel well emptied of Air, was but an hun- 


an dred Times leſs than in the open Air, it would be about a 
ere Million of Times leſs than in Quickſilver. But it ſeems to Le 
% much leſs in ſuch a Veſſel, and ſtill much leſs in the Heavens, 
„Nat the Height of three or four hundred Miles from the Earth, 


ith or above. For Mr. Boyle has ſhewed that Air may be rarified 
above ten Thouſand Times in Veſſels of Glaſs, and the Hea- 
1} &'vens are much emptier of Air than any Vacuum we can make 
below. For ſince the Air is compreſſed by the Weight of the 
incumbent Atmoſphere, and the Denſity of Air is proportional 
co the Force compreſſing it, it follows by Computation, that 
Hat the Height of about ſeven Exgliſb Miles from the Earth, the 


42 Air is four Times rarer than at the Surface of the Earth; and 
/i- at the Height of 14 Miles, it is fixteen Times rarer than at 
the Surface of the Earth, and at the Height of 21, 28, or 
rit 3s Miles, it is reſpectively 64, 256, or 1024 Times rarer, 
in or thereabouts; and at the Height of 70, 140, 210 Miles, it 
211 is about 1000000, 1000000000000, or I000000000000CO 
108 oooo Times rarer, and ſo on. 
he Heat promotes Fluidity very much by diminiſhing the Te- 


nacity of Bodies. It makes many Bodies fluid which are not 
Vor. I. E * fluid 
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4 


ferent Figures matched ſo with the Figures of 1 
the Pores, that there does not remain in them 
the leaſt Vacuum? 4 
Eud. The ſubtile Matter being of an incon. 
ceivable Smallneſs, is extremely brittle, it is 
broken and bruiſed; it puts off and aſſumes a 


4 
: 
4 
q 
we 
— 
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* fluid in Cold, and increaſes the Fluidity of tenacious Liqui“ 
„as of Oil, Balſam and Honey, and thereby decreaſes their Re 
* ſiſtance. But it decreaſes not the Reſiſtance of Water conſide 
* rably, as it would do, if any conſiderable Part of the Reſiſtance 
of Water aroſe from the Attrition or Tenacity of its Parts 
* And therefore the Reſiſtance ariſes principally and almoly 
4 entirely from the Vis inertiæ of its Matter; and by Conſe 
« quence, if the Heavens were as denſe as Water, they woul'% 
not have much leſs Reſiſtance than Water; if as denſe as Quic 
* ſilver, they would not have much leſs Reſiſtance than Gal 
* ſilver; if abſolutely denſe, or full of Matter, without any J F 
„ cuum, let the Matter be never ſo ſubtile and fluid, they wou 
* have a greater Reſiſtance than Quickſilver. A ſolid Globe i 
% ſuch a Medium would loſe above half its Motion in movin * 
* three Times the Length of its Diameter; and a Globe not { 
lid (ſuch as are the Planets) would be retarded ſooner. Ant 
„therefore to make Way for the regular and laſting Motions 0% 
* the Planets and Comets, it's neceſſary to empty the kene 
of all Matter, except perhaps ſome very thin Vapours, Steams a 
« Effluvia, arifing from the Atmoſpheres of the Earth, Planets au A 
Comets, and from ſuch an exceedingly rare ætherial Medium 
« js deſcribed in p. 323. Newt. Opt. A denſe Fluid can be of 
no Uſe for explaining the Phznomena of Nature, the Motions 
the Comets and Planets being better explained without it. I® 1 
** ſerves only to diſturb and retard the Motions of thoſe greip 
* Bodies, and make the Frame of Nature languiſh : And in tic 
“ Pores of Bodies, it ſerves only to ſtop the vibrating Motions 2 
their Parts, wherein their Heat and Activity conſiſts. And as 1 
6“ jg of no Uſe, and hinders the Operations of Nature, and make 
*© her languiſh, ſo there is no Evidence for its Exiſtence, a 
* therefore it ought to be rejected. And if it be rejected, the 
* Hypotheſes that Light conſiſts in Preſſion or Motion propagi 
" gated through ſuch a Medium, are rejected with it”. Nez 
tins Opticks, p. 341. &. 
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Couceramg a Vacuum. FL 
Manner of Figures with an incredible Facility ; 
and fince Water takes immediately the Figure 

of a Veſſel, round or ſquare, you ought not to 
on. Mp be ſurprized that the ſubtile Matter, whoſe Par- 
it d ricles are infinitely more minute than thoſe of 
al Water, ſhould accommodate itſelf perfectly to 
the Figure of the Pores, and exactly cloſe up 


ui, all thoſe ſmall Vacuums which you are ſo much 
r by afraid of ſeeing filled up. NG 
* N Ariſt. There is a Neceſſity, Eudoxus, at 


-onleÞ 4 

Nature. | 3 

Eud. By what Means will you force me to 

that? 3 | "WE 
Ariſt. By the Rarefaction and Condenſation 

f Bodies. For how does Bread ſwell? How 


ovin; 8 
ot 06 


Aus Milk inflated fo ſtrangely when it comes to 
ve boil, unleſs its Particles are ſeparated, removed 
LMS - Fr om one another 3 and leave Interſtices and 


0 Vacuums, much greater than thoſe, which in 
bes Spite of me, you endeavour to fill up with 
ons your ſubtile Matter? f | 2 
. Eud. Rarefaction is an Action by which a 
in t Body augments its Bulk, without augmenting 
ons oo its Maſs, or which makes the ſame Body pre- 
mai ciſely that appeared under a certain Bulk, to 
, a» appear under a greater: But is it not ſufficient 
8 br for that, that the ſubtile Matter, or ſome fine 
ee ir, fill up, extend and enlarge the Pores, as 
M. Deſcartes believed after Ariſtotle? Bread 
nne E 2 which 
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which is baked, ſwells, and is inflated; Milk“ 4 


which boils, is extended, aſcends, and fills the W 
Veſſel; becauſe the little Corpuſcles of Fire, 


whoſe Agitation produces Heat, penetrate the 


Bread and Milk, inſinuate themiclves ſucceſ. 


N. 


ſively into their Pores, fill them up, and dilate "% 
them ſo much the more, as the Air which J 
they meet with in them is extremely dilated; 

and thus your great Vacuities are filled up. 1 

Ariſt. For to fill them, you dilate the Air 
ſtrangely; but upon what Principle! 1 

Eud. This is what Experience proves © 
anſwerably, that Heat often gives the Air 200 9 
Times more Extenſion than it had in its natu-\Y 
ral State. 'Y 

Ariſt. If the Air is extended fo prodigiou- | 
ly, it has then Vacuities, not ſmall, but very 
large? 

Eud. In Proportion as the Extremities of che 4 
Air are removed from one another in Rare FI 
ction, the ſubtile Matter, the ætherial Matter, 
the æther, the celeſtial Matter, (give it What 
Name you pleaſe) fills up that Space which 4 
ſeparates them. Therefore there is no Vacui- | 
ty, neither ſmall nor great. 

Arijt. Condenſation at leaſt ſuppoſes there 
are ſome. 

Eud. What is Condenſation? It is that Acti- 
on which makes a Body diminiſh in Bulk, but 
not in Maſs; or which makes the ſame Body 
ſeem to poſleſs leſs Space than it did; without 
loſing ought of its proper Matter. But Com- 
preſſion 
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eeſſion expels the Air or ſubtile Matter out 
Nei at the ſame Time the Extremities of the 
WP orcs approach one another: And thus a Body 
WS condenſed without a Vacuum. 

i. Would you then explain without a 
cuum whatever is moſt ſurprizing in the E- 
pile (a) Fig. 2? | 
Eud. The Eolipile is a ſort of Veſſel com- 
only made of Braſs, in the Form of a Pear, 
ving in the ſharp End a ſmall crooked Pipe. 
t firſt chey ſer the Eolipile upon a quick Fire: 
be {mall Corpuſcles of Fire, which inſinuate 
eemſelves through the Pores of the Braſs, di- 


* 
# 


Nie the internal Air by their violent Agitati- 
wn, drive it out likewiſe, at leaſt in Part, 
rough the ſmall Pipe, and take its Place. 
hen they take off the Eolipile from the Fire. 
ou put the End of the little Pipe into Spirit 
Wine. The Corpuſcles of Fire that are 
Poſt agitated ſeek ſome Vent; they find it in 
e Pores through which they entered, and 
en iſſue out. The dilated Air is cooled and 
Intracted. Hence the Spirit of Wine being 
{hed forward by the external Air, and find- 
De little Obſtruction in the Content of the 
eſſel, where every Thing eaſily gives Way, 
pws into it proportionally as the Air is. con- 
acted, and as the Corpuſcles of Fire iſſue out. 

inally the Eolipile is ſet again upon a quick 
ire. The Corpuſcles of Fire penetrate it, in- 
nuate themſelves into the Pores of the dila- 
ed Liquor, and dilate them, by dilating the 
E 3 Air 


k 1 - 
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Air which they encounter: The Liquor being 
dilated, and not finding Space enough in hel 3 
Eolipile, is forced out abundantly through 
very narrow Tube; it ſpouts out. Put WO 
lighted Wax-Candle to it, and the Lil * 8 1 
catches Fire, and you behold with Aſtoniſh- FR 
ment a Spout of Fire that is darted into the? 
Air, and its falling down again preſents to the q 
Eyes a burning Shower, This: is the fineſt 
Effect of the Eolipile. What Appearance of of! 
a Vacuum do you ſee in it? 

Ariſt. But what fignifies it to fill ever 
Thing with ſubtile Matter or pep 9 
Bodies, if you muſt indiſpenſably Re TP 
Thouſands of Interſtices, or empty Paſſages in! 
ſome Part or other? Now this you muſt 90% 
and you go about it like a true Philoſopher 
that is to ſay, with a good Grace. For the, 
Voice, with which this Room has reſounded ; 
ever ſince our Converſation, ought to penetrate 145 
and perhaps prove troubleſome, in the neu . 
Room: How does it penetrate thither, if the n 
Wall does not afford it a Thouſand and 4 po 
Thouſand free Paſſages; and how are hol ay 
Paſſages free, if they are not empty? I E 


{ 


Inter ſepta meant voces, & clauſa ener, 1 
Tranſvolitant 


Bf gitur nimirum quod ratione ſagaci 
Werrimus, admixtum rebus qu od inane vo. 5⁰ 
Camus, 


i = A ſu 
Thus 
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Thus Lucretius reaſons. You will not hold 


the out againſt thoſe Verſes ; the Taſte of Truth 
has not made you loſe the Taſte of Poetry; 
t ou love Verſes becauſe they adorn the 


FT ruth. 

Eud. The Truth is rarely found adorned by 
e Verſes or elegant Latin of Lucretius. He 
Might fay as he pleaſed, that the Voice has 
neſt do other Way but to make Vacuities in order 
J paſs into the Neighbourhood: it is ſuffici- 
ent that the Air, which fills the Cracks and 
Pores of the Wall, communicates both with 
ible chat which we breathe, and that of the adja- 
age kent Room. The Particles of this Air ſuc- 
s in geſſively carry the Voice to another Place, and 


do; Weport our philoſophical Diſputes. 

her, Ariſt. Fill a Glaſs Tube of 36 Inches, or 
the, n 100, if you pleaſe, with Quickſilver ; turn 
ded It into a Veſſel already full of Quickſilver 
ate hat in the Tube deſcends, and ſtops, as of it- 


50 Inches; what fay I? of 50 Foot at leaſt. 

Eud. The ſubtile Matter is always ready to 
ſucceed the Quickſilver. From the Time it 
E 4 deſcends ' 


vo⸗ 
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deſcends, the ſubtile Matter flips through the 
Pores of the Glaſs, and ſeizes the free Place in 
order to tranſmit the Light to our Eyes; and 
the ſame Reaſon determines it to get into the 
Place forſaken by the Piſton, the Moment that Wy 
the Water ceaſes to follow it. . 

Ariſt. I foreſaw your Anſwer; and muſt in- 1 7 
deed, foon or late, think as you do. You have | 
nothing to do but ſpeak. The ſubtile Matter RE 
comes from all Parts to ſecond you, and leaves 1 4 

f 


me nothing to reply. 9 

Eud. You fee, Ariſtus, as well as I, that a 
Vacuum is good for nothing. But the Motion * 
of Bodies is a Source of curious and uſeful E- 
vents; Motion is the moſt fertile Property of 
Bodies. Motion carries Life into all the Parts 
of our Body; it makes the Light ſhine in our 
Eyes, fertilizes the Earth, covers it with Plants 8 
and Flowers, loads the Trees with Fruit, and | 1 
makes the Sweetneſs and Charms of Spring 
ſucceed the Sevcrities of Winter. Motion does 
in ſome Sort animate the World. Without 
Motion no more Commerce among Men, no 
more publick Shows, Paris would grow dull, | 
every Thing languiſh, and the Univerſe be- 
come a formleſs Chaos. But Motion, that is 
ſo neceſſary and productive of Wonders, has 
its Eſſence, Properties and Rules: Wichout 
knowing them, we can know little of Nature; 
Nature is unveiled, whenever we know them. 
Let us meditate upon them for ſome Time, 
and whenever you pleaſe we will communicate 
our 
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our Sentiments upon this Head to one another. 
Let us meet in the great Walk of the Tuille- 
ries to Morrow at five a Clock in the Evening. 
sometimes Philoſophy takes Pleaſure in the 
SE Bcau-monde; it diſcovers the Truth even in 
0 the very midſt of thoſe who are amuſed with 
Lies. | | 
Aris. I ſhall repair to this new Lyceum; e- 
very Thing invites me thither, the Company, 
the Beauty of the Place; and the Charms of 
ſo fine a Walk cannot fail to afford you a true 


lcdea of Motion. 
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Upon the Nature of Motion. 


> ; 

A. Eud. H! I am overjoyed to find you at 
RY the Place of Appointment. The 
Parterre, the Flowers, the Statues, wherein 
Art rivals Nature, thoſe Marbles almoſt ani- 
WE mated, nor any Thing elſe could detain me 
longer, as ſoon as I ſaw you appear. You was 
walking there in a philoſophical Manner, and 
with an Air ſomewhat penſive. Did your 
Walk give you any agreeable Idea of Mo- 
tion ? 


Arift 
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Ariſt. Nothing ſeems more clear at firſt 
than the, Idea of Motion, and yet nothing is 
more obſcure when one comes to ſearch tho- 
roughly into it. When I ſee the Motion of 
thoſe People, who upon the Terraſs calmly 
enjoy the Pleaſures of walking without Philo- 
ſophy, I imagine I have caught the Idea of 
Motion; I fancy J ſee it in the ſucceſſive Cor- 
reſpondence of my Body to thoſe ſeveral Trees, 
or in the different Degrees of Diſtance it has 
with Æneas and Scipiom; but whenever I en- 
deavour to examine this Idea, it either eſcapes 
me, or becomes obſcured. It is loſt in real 
Difficulties, or in thoſe Phantoms of Difficul- 
ties which the Mind often frames to itſelf for 


no other Reaſon, than to torment itſelf to no WF 


Purpoſe. 


Eud. Some diſtinguiſhed Genius's have talk- 
ed all their Life Time of Motion, without 


knowing it, or having any true Idea of it. 


Ariſt. Pray, Eudoxus, explain to me the 


Idea you have conceived of it, and by the 
Light of yours, mine may be cleared up. Do 
you believe with M. Deſcartes, that Motion is 


preciſely the paſſing of one Body from the Vi- 4 
cinity of thoſe with which it is immediately 


ſurrounded, into the Neighbourhood of ſome 
others? 

Eud. No; I cannot perſuade my ſelf that 
the Axle-tree of a Poſt-Chaiſe, which is con- 


* 


m Two Statues placed at the End of the great Alley. 
ſtantly 
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ſtantly fixed in the Nave that immediately 
touches it, can go ſo ſwiftly, without Motion, 
from Paris to Verſailles. A Man who ſhould 
go round the Earth in the ſame Cloaths, would 


do it without moving from home. M. De / 
cartes was probably in a laughing Humour, 
ven he faid that the Earth carried rapidly a- 
bout the Sun in a Vortex of ætherial Matter 
37 would not move round ||. 


Ariſt. Do you think you can find Motion 


in the ſucceſſive Correſpondence of one Body 


to divers others? 
Eud. 1 believe not; for from the Beginning 


* of our Walk, I fee in theſe two double Rows 
of Cheſnut- trees a ſucceſſive Correſpondence 


do divers Bodies: Have they therefore the more 
Motion? Not at all, unleſs that while we walk 


on gravely, they advance with a majeſtick and 


imperceptible Pace; unleſs they are upon the 
Walk themſelves; and unleſs Fame n be co- 
ming to meet us, proportionally as we ad- 
= vance towards Fame. 


Ariſt. 1 don't believe that Fame is in any 
Haſte to find me out; one has but little Em- 


ployment for her, when one is only ſeeking af- 


ter the Truth. Bur pray, when we approach 


towards Fame, there are new Relations of Di- 


| I am apt to believe the Reaſon why Des Cartes gave ſuch an 
ambiguous Definition of Motion was, that remembring Galileo's 
being put into the Inquiſition for aſſerting the Revolution of the 
Earth, he was willing to avoid the ſame cruel Fate. 


n A Statuc. 


ſtance 
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ſtance between us; do theſe new Relations make 
any Species of Motion? 

Eud. When we advance towards the Statue 
of Fame, the Louvre and Paris have new Re- 
lations of Diſtance with us, and yet are not 
the more moved in the leaſt; it is not very ne- 
ceſſary that the Impreſſion of our philoſophi- 
cal Walk ſhould ſer all the Statues of the Tuil- 
leries a moving, and ſpread itfelf all over 
Paris. 1 


60 


Louvre and Paris are farther diſtant from us; 


and in the Separation and Removal of Bodies 
Motion is Reciprocal, according to the Judg- 


ment of M. Deſcartes. . 


Eud. I ſhould have been as well pleaſed if 3 ö | 


Deſcartes had ſaid that the Swallow, which re- 
poſes itſelf upon the Cock of St. Genevieve, 
whoſe Church contains the Aſhes of that 
great Man, could not fly away but that the 
Cock muſt fly with it. 
Ariſt. Tell me then, I pray, what the Mo- 
tion of a Body is *? 
Eud. 


Motion is a Tranſlation from one Place to another Place, or 
* @ continual Change of Place. Every Body has an Idea of it; 
and Philoſophers have in vain laboured to find a Definition of 
* the ſimple Idea, and proved with a great deal of Pains, that 
* one may come to be ignorant of a 'Thing which otherwiſe 
every Body knows. 

Place 7s the Space taken up by a Body: of which may be ſaid, 
* what has juſt been ſaid concerning Motion. It is Twofold ; 
** True or Abſolute, and Relative. ; 


« Defini- 
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Eud. It is an active Change of Situation in 
Relation to ſome Body conſidered as if it had 
only Exiſtence. By this active Change I un- 
eerſtand the Aſſemblage of a Body, of divers 
Relations of Diſtance which it acquires ſucceſ- 
WE vely, and of an actual Force received into it, 


. ——_——_— - 
+ tad r 
ar 


—_— < Defnitior 1. True Place is that Part of immoveable Space, 
RE which a Body takes up. 
= < D:fr. 2. Relative Place, which only can be diſtinguiſhed 
by our Senſes, js the Situation of 4 Body in Reſpect of other 
Badies, 
% True Place is often changed whilſt Relative Place is not, 
and fo reciprocally. Whence ariſes a true and abſolute Moti- 
on, and another Sort called a Relative Motion. W hilft a Bo- 
RR dy moves, Time goes on. 
Time alſo is Twofold ; True or Abſolute, and Relative. 
79% Time has no Relation to the Motion of Bodies, nor to 
the Succeſſion of Ideas in an intelligent Being, but by its Na- 
ture it always flows equally. | 
« Defin, 3. Relative Time 7s Part of the true Time meaſured 
by the Motion of Bodics; and this is the only Time that our 
Senſes perceive. 
All Motion may become ſwifter, as likewiſe a Body may 
move ſlower than it did before; and it is very likely that 
WS there is no Motion of Bodies wholly equable ; whence it fol- 
| lows that re/ative Time differs from true 'Time, which never 
flows faſter nor ſlower. 
Defin. 4. That Afefion of Motion, by which a Body runs thro 
certain Space in a certain Time is called Celerity or Velocity, 
hich is greater or leſs according to the Bigne/s of that Space, to 
hich it is always proportional. 
De,. 5. The greater Force is impreſſed upon a Body to make 
change its Place, the greater is its Motion ; and that Force is 
alled the Quantity or Momentum of Motion. 
| Defin. 6. The Direction of Motion, 7s in a ri2ht Line, which 
e ſuppoſe arawn towards the Place where the moving Body tends. 
Defin. 7. A Power is any Force afting upon a Body t9 move 
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Defin. 8. The greatneſs of that Force is called, the Intenſity of 
ve Power. Vide Graveſande's Elements. c. 6. 


and 


ing or Carriage from one Place .. another, may] 


62 CoxnveERSATION VI. 


and which alone can give it thoſe different Re. 
lations. Now Motion is a Conjunction of thoſe il 
three Things, I can diſcern them all three Wi 
exactly in the Motion of my walking. * 
I. I chere fee a Body; ſince this Motion h 
the Mode of a Body moved, and the Mod: We 
of a Body is nothing but a Body modified. 
2. This Motion implies divers ſucceſſive Rel: we 
tions of Diſtance: For when I fit down, no 
one will pretend to fay that I advance toward £5 
ZEneas or Scipio; becauſe no ſucceſſive Rela- 
lations of Diſtance are perceived between us 
3. This Motion implies an actual Force, re.. 
ceived into the Body moved, which 1s called} 
the moving Force; for the different and ſuc- 1 1 
ceſſive Relations of Diſtance alone, with the, 
Trees for Example, or with any Statues, are 
not Motion, unleſs theſe Trees and the Statues f 
of Apollo, Diana and Orpheus, which have 
every Moment divers Relations of Diſtance, N 
and which are ſometimes nearer to us and 
ſometimes farther from us, walk along with '% WV 
us. There is nothing more that offers in + e 
Motion of my Walk. Therefore Motion 3% 
an active Change of Situation, &c. * 
Whenever Bodies contained in the Woarlll | . 
change their Situation, they paſs, they arc 60 
carried from one Point to another in this vat {c 


Space; for which Reaſon theſe Terms, A poj-ſi 


v 
B 
be uſed, as they are, and we Hall uſe them 


likewiſe in order to expreſs the Motion offi 
thoſe Bodies. Ari. 


Nt 


- 
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Re- 42 Ariſt. The Lady who rides in her Coach o- 
ole ver againſt us in the Elyfan Field, does not 
rec chen move, fince ſhe acquires no new Diſtances 
| ME with reſpect to her Coach. 
n 9% Eudox. Motion is relative. She does not 
ode move with reſpect to her Coach, but moves 
icd. as her Coach does with reſpect to us and the 
ela-. Tuilleries. | 

no Arift. Can a Boat move upon the Sein, 
rardÞ rhat is equally driven toward Paris and to- 
ela. ward Chaillot by the oppoſite Forces of the 
us Wind and Water? 
re- Eudox. No. 
lee, Arif. Nevertheleſs it would have new Re- 


ſuc - lations of Diſtance with the Air and Water 
hee every Moment. 

are Eudox. True: But then theſe would be on- 
tus ly external Relations, and not produced pre- 
have eiſely by Virtue of any Force received into 
nc the Subſtance of the Boat itſelf. 


and Aris. Suppoſe a Man ſhould walk upon 
with the Boat from Eaſt to Weſt, with a Velocity 
the equal to that which carries the Boat from 
m Weſt to Eaſt. 

Eudox. This Man moves really with reſpect 


"# 


Vorl to the Boat, becauſe by an actual Force pre- 
„ arch cifely which he receives or finds within him- 
vali ſelf, be acquires different ſucceflive Diſtance 
p with reſpect to the different Parts of the 
may oat. 

them Ariſt. Theſe ſucceſſive Relations are they 
»n of neceſſary ro Motion? Suppoſe that the Hand 


Ari/'.l of 
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of God ſhould make the Univerſe turg round 
upon its Center, and that all the Parts of the 
Univerſe keep the ſame Relations of Diſtance 
among themlelves: The Univerſe would then 
be in Motion without acquiring any new Re- Wi 
lations of Diſtance, ſeeing there is no Body a: 
all beyond the Bounds of the Univerſe. MM 

Bux, 1. At preſent we have to do with 
the Motion of particular Bodies only, and no: Wi 
with the Motion of the whole World; and 
this Hypotheſis is good for nothing but to throw 1 
into the Mind vain Appearances of Difficul- 
ties. 2. According to this Suppoſition I ima- i# 
gine the Univerſe would move round, and no: 
move; ſince it would have no new Relations L We, 
of Diſtance. Y L 

Ariſt. One Hypotheſis more, Eudoxus, and 4 f 
do not loſe all Patience. There is need of 
Courage and Conſtancy, when one undertakes ln 
to inſtruct others. One Word only, and I J 
ield, There are two Balls at once created 
out of this World, and ſituated ſo that in the 
firſt Inſtant you may put betwixt them a 
third Ball of a Foot diameter, which you h 
cannot do in the Second : Do you obſerve any 3 5 pl 
Motion there? 4 N 

Eudox. Why ſhould I not? I ſee new Re- 4 
lations of Diſtance produced by Virtue of a 
moving Power, received at leaſt into one of 
the two Balls, 

Ariſt. Which of the two is moved? 


Eudox. That only which receives the mo- 
ving 


— 
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Wing Power; but both, if the moving Power 
e divided betwixt them. 
Ai. 1 chink at laſt I conceive the Nature 
f Motion in general: I go into your Senti- 
ze. dent, Eudoxus; therein I find wherewith to 
eſolve my Doubts, and. to extricate myſelf 
om the trifling Cavils which an exceſſive 
ubtlety might raiſe. , _ 8 
Eudox. Very good! Let us now then define 
Me ſeveral Kinds of Motion. E 
Ai. As for the ſeveral Kinds of Motion, 
am able to define them. I apprehend what 
otion is ſtraight or crooked, perpendicular, 
lique, horizontal, circular, elliptic, para- 
'F Plical, proper, common, ſimple, compound, 
rect, Ce. | | 
1. Motion is ſtraight, crooked, perpendicu- 
Fr, oblique, Sc. according to the Line which 
pi IF deſcribes. Should it deſcribe a ſtraight Line, 
IF is ſtraight. Should it deſcribe a crooked 
ne, it is crooked, &c. The Motion of this 
et d Eau, which inclines neither to one Side 
or the other, and whoſe Waters fall back up- 
= themſelves, is ſtraight and perpendicular. 
he Bullet would go from this Place with an 
/ MW@lique Motion in Search of the Turtle perch- 
upon the Top of that Tree at twenty Paces 
dance from us. It would go in an horizon- 
Motion to ſtrike that Partridge which files 
Wt at about the Height of the Sportman's Eye. 
Ve walk from one end of this Alley to ano- 
er in a Motion horizontal, or parallel to the 
„ F Horizon. 
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paſſes its Head with the Folds of its Body. 4 
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. 4 1 


Horizon. Turn round a Circle, or round the 
Staro, and the Motion will be circular. Make 8 
a Tour exactly round a Ship, ris an elliptick 
Motion. The Caſt of a Bomb is parabolical * 
Turn round a Point always moving propor- 

tionally from it, and this will be a ſpiral MM * +? 


tion. Tis by this Motion the Snake encom-# 


2. Proper Motion is the particular Motion" 
of a Body; common Motion carries forward 
ſeveral Bodies at once. Every one of G 
Horſes in that Coach has his proper Motion? 
but the Motion of the Coach and of the Perl $ 
ſons who paſs in it along the Sein, is a com. 4 W 
mon Motion. Theſe are two Motions which i 
are no Way contrary : For while a Coach goo 
from Paris toward the Elyfian-Fields, a Fly 
walks at Liberty upon the Roof of it from the 
Elyſian Fields toward Paris. Thus upon F 
Veſſel under full Sail, one may walk with the 
ſame Eaſe from Prow to Stern, as from Sten 
to Prow. 5 
Direct Motion is that which proceed n 
immediately from the Cauſe of Motion; 1e 
flected Motion, or Reflexion, is a Motio 
whereby a Body recoyls upon encountering a 
other. The Motion of Refraction, or Refra- 
ction, is a Motion by which a Body leaves + 
direct Line in paſſing from one Medium int 
another, for Example from the Air into wa 


0 A Walk near the Elan Fields. 
| ter j 
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Wrcr ; I throw a Stone obliquely upon the Sur- 
ke face of the Sein; this is a direct Motion: The 


little Stone recoils toward the other Bank; 
cal this is a Motion of Reflexion. Shoot off a 
or- Vun into the Water the Ball penetrates, but 
huitting the ſtrait Line; this is a Motion of 
m. RNefraction. MS 420 

4. should the Motion proceed but from 
ion pne Cauſe, and be directed but to one Point, 


ard t will be a ſimple Motion. Should it proceed 
no: rom ſeveral Impreſſions, each in particular ca- 
ion Pable of giving it a Direction, then it would 
Per e compounded. The Motion of an Arrow 

P hich ſhould go in a perpendicular Line to 
nich Pierce that Bird which hovers in the Air, 
goe ould be ſimple; but the Motion of your Bil- 
FU ard-Ball, when it goes to hazard mine, is 


mpounded of a ſtrait Motion which you give 
, and of a Motion circular and upon its own 
enter, which is given it by the Inequalities of 
the Plane. Every Wheel of this Coach, the 
ylendour whereof is a Trophie of Vanity, 
eel nites two Motions in one compound Motion, 
te. Nie one circular which the Reſiſtance of the 
ot neven Pavement gives it, and the other ho- 
au ontal which proceeds from the Horſes, and 
efri Wakes it advance with ſo much Velocity and 
s the Noiſe. . 

ine 5. They call that a perpetual Motion whoſe 
Wi roduction ſhould be the Effect of Art, and 
ich ſhould no longer need the Aſſiſtance of 
art to be perpetuated; ſuch would be the Mo- 
TY tion 


ter i 
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tion of a Watch whoſe Spring would unbend 
and bend again, and mark out the Hours if 
without any one's touching it. I leave you 
the Care of finding out this Motion. All the 
Philoſophers are ready to pay to you their Tri- 
bute of Praiſes; and the Dutch, faithful in q . 4 
keeping their Promiſes, will be forward to be. ; 
ſtow on you a Share of that Wealth Which 1 
they go to ſeek for in the Indies. 3» 

Eudox. I chuſe rather to repoſe my gelb : 4 
than loſe Time in ſearching for it; let us ſr! 4 
down and diſpoſe our ſelves to diſcourſe of e. | 
Properties which are to be met with in che 3 
differ rent Kinds of Motion. Me 

Ariſt. Come then let us ſeat our ſelves, op-if I 
on Condition that during the Tĩme of our Re- 
poſe you will tell me in one Word what! 5 J £ 
Time and Reſt. I own that when I aſk wha =: 
Time and Reſt is, I think I know them; but F 
if any Perſon ſhould aſk me, I have then 0 f * 
longer any Knowledge of them. . 

Eudox. Time is the ſucceſſive "HO of 
Things created and changeable ; let me ci 
mine into the Idea of Time never ſo much, 4 
this is all it preſents to the Mind. The Pars I. 
of this ſucceſſive Duration are Womens Na 
quarters of Hours, half Hours, Hours, Days 4 0 
Months, Years, Se. 

As for Reſt, it is the continual Preſervation 
of che ſame Relations of Diſtance with the 
fame Parts of Extenſion. Hence two Sorts off 
Reſt, the one abſolute, and the other relative. 
Relative 


+ - 
. 
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gnelative Reſt is preciſely the continual Pre- 
id W(crvation of the fame Relations of Diſtance 
rs wich certain Parts of Extenſion. Thus rela- 
u tive Reſt does not in the leaſt exclude Motion 
he Man who ſleeps ſoundly in a Veſſel is in rela- 
1- Five Reſt with reſpect to the Veſſel, becauſe he 
in preſerves the ſame Relations of Diſtance with 
*X- he Parts of the Veſſel; but he is in real Mo- 


ch ion in regard of a thouſand other Bodies, 
ich which he acquires new Relations of Di- 
lf, ance by the ſole Virtue of a moving Power 
ft hich he receives in himſelf. What is ab- 
the lute Reſt? It is the continual Preſervation of 


he ſame Relations of Diſtance without a Pow- 
r whoſe Efficacy alone can give new Relati- 
ons. Is there any abſolute Reſt in the Uni- 
erſe? There is nothing that demonſtrates it; 
Ir the imperceptible Parts of Bodies, which 


hate look upon as Bodies in reſt, may be in real 
but lotion. 
no But, Ariſtus, my dear Ariftus, I fee an Im- 


eertinent who comes directly up to us to di- 
oi urb and interrupt our Converſation ; I am un- 
. = . . T . 
x. er a Neceſſity of hearing him, and ſpeaking 
ach, . Word to him in private. Farewell; to 
art Morrow at the ſame Hour, and in this ſame 
nts, Place, we will examine the Properties of Mo- 
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Cox vERSATIOx VII. 


Upon the Properties of Motion. 


il. | Muſt acknowledge, Eudoxus, it 8 
much eaſier to walk than to com- 
prehend well what walking is. One often 
walks without knowing what one does 
I admire. the Tranquillity of thoſe I 
whom I ſee taſting the Pleaſures of walking 
without any Solicitude about the Nature and 
Properties of their Motions ; tho' I no wit 
envy them. The Pleaſure of conceiving wha 
walking is, has ſomething in it more agree: 
ble than the Pleaſure of walking itſelf ” Fe: 
Thanks to your Inſtructions I know pretty well ZZ 


the Nature of Motion in general, and of thi 2 


ſeveral Kinds of it: But what Method wills A pl 
you take to unfold its eſſential Properties? D- 3 = 
It I beſeech you, as preciſely as you can. I will 
liſten to you, without interrupting you. 1 
find more Satisfaction in hearing you than " a 
ſpeaking my ſelf. When I hear you, I im- 
gine I am liſtening to Reaſon itſelf. er 
Eudox. Let us lay aſide all Complements; Ba 
they are very ſeldom accompanied with Truth. 
All Bodies, Ariſtus, that are moved, ad- 
Vance 
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ance towards one Place, rather than another. 
hey do not advance without running through 
Wome Space in a certain Time. They do not 
on through this Space without having ſome 
Porce diffuſed through all their Parts, in or- 
er to overcome all Obſtacles. Hence there 


* 


re three eſſential Properties of Motion, the 
Petermination, Celerity and Quantity. 
1. What is the Determination of Motion? 


9 It is che Direction of Motion towards one Side 


5 
m. father than another; for Example, toward the 
ten valids, rather than the Place des Vicłoires; 


does oward Paris, rather than St. Cloud; toward 


ple 1 the Eaſt, rather than the Weſt. There are 


ing wo Sorts of Determinations, the one Simple, 


(electing it towards different Places. The Di- 
wel! zection which my Soul gives my Body towards 
che polo, p rather than towards Diana 5, is a ſim- 
wil le Determination or Direction. When you 
Degas over the Sein obliquely from the Quatre 
wil Vations to the Louvre, the Boat receives from 
ie Rowers and the Water two Impreſſions, 


or the following two Lines, which would 


nn 
m- make a Square: The Impreſſion of the Row- 
ers carries it toward the Point of the other 
nts Bank directly oppoſite ; the Impreſſion of the 
uth. 
ad- 


ance 


P4 Statues. 


F 4 Water 
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abſolute or relative? Have no Regard either to 
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Water toward the Pont-Royal, according to 
the Current of the Water itſelf. The Boat 
yields, in ſome Meaſure, to the two Impreff- 
ons, takes the middle Courſe, and gains the 
Bank in an oblique Line; and this Determina. 
tion or Direction is compounded. * 

2. What is the Velocity of Motion? It ; 
the Relation of the Motion both to the Lengih 4 
of Time, and of the Space run through in 2% 
certain Time; the Velocity anſwers to the 
Length of Time and Space. Why do they 
term the Celerity of a Thunderbolt immenſe? 4 
Becauſe it comes inſtantly from the Cloud to ts 
ſtrike the Head of a Criminal. | A 

There are two Sorts of Velocity; the one 
abſolute, the other relative. Abſolute Veloci- 
ty is the Celerity of a Body conſidered withou| 
Relation to any other. Relative Velocity is 
the Celerity of one Body conſidered with Rela | 
tion to ſome other. The Velocity of my Pace, 
conſidered preciſely as the Velocity of my Pace, 
1s abſolute Velocity; but the Velocity of al 
Pace, conſidered as exceeding yours, and un- 
politely leaving you behind, is a relative Veloci- 
ty. Would you meaſure Velocity, Whether : 


ſ 


the Maſs or the Bulk. The Maſs, or Quanti- 4 

ty, is the Collection of ſolid Parts, which com- 
poſe the Body; the Bulk is the apparent 
Extent of thoſe Parts. The Celerity is nei- 
ther meaſured by the Collection of ſolid Parts, 
nor A the Hxrene which ſtrikes the Sa 
This 
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J. 
= = This Perſon here out of Breath, who is ſcarce- 
5 able to bear himſelf along, fo much Maſs 


and Bulk has he, ſhews more of it to Appear- 
WT ance than any Body; does he move then with 
the greater Celerity ? | | 
= By what then is the Velocity meaſured? By 
the Length of Time, and of the Space run 
chrough. Divide, as you pleaſe, the Length 
of this Space into ſeveral Parts; into Points, 
Inches, or Feet which are called Degrees: 
8 The Degrees run through in a certain Time, 
expreſs the Degrees of the abſolute Velocity 
of a Body. 
Should two Bodies remove from one an- 
other, or advance towards one another; add 
W the Degrees of the abſolute Celerity of the one, 
to the Degrees of that of the other, and you 
will have in the Addition their relative Velo- 
city. Should one Body follow another with 
ſome Exceſs of Velocity, this ſame Exceſs is 
che relative Velocity of thoſe Bodies. In a 
Word, tis by this Exceſs only that they ap- 
„ proach nigher to one another. Should one 
i Body fall in a perpendicular Line upon another, 
= its relative vel is the ſame with its abſo- 
vt. Should it fall in an oblique Line upon 
an immoveable Plane, Fig. 3. its relative Ve- 
locity is meaſured not by the Length or De- 


EL” 


= grees of the oblique Line run through (ab), 
but by the Length or Degrees of the perpen- 


dicular Line (@ c), drawn from the Point from 
which it falls, to the Plane itſelf; becauſe the 
E Exceſs 
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Exceſs of the oblique Line above the Perpen- 
dicular is of no Service in approaching towards 
the Plane. 

3. What is the Quantity of Motion? It is 
that Force with which it ſtrikes Bodies which 
happen to encounter it. There are two Sorts 
of Quantity; the one abſolute, the other rela- 
tive. The Firſt is a Quantity confidered pre- 
ciſely in itſelf; the Second is one Quantity 
compared with another. F 

The Quantity of Motion, whether abſolute 
or relative, is equally meaſured, both by the 
Maſs or Greatneſs, and the Celerity. For, in 
ſhort, the Quantity of Motion is the Force of 
a Body moved: And the Force of a Body mo- 
ved, is meaſured equally by thoſe two Things; 
fince the ſame Exceſs of Maſs or Celerity, pro- 
duces the fame Exceſs in the Shock. Let a 
Body of two Pounds move with the Velocity 
of four Degrees, or let a Body of four Pound, 3 
move with the Velocity of two Degrees, the 
Preſſure is the ſame in its encountering another 
Body. Therefore the Quantity of Motion is 
equally meaſured both by the Maſs and the 
Celerity. | 3 
In a Word, the Quantity of Motion is e- 
qually meaſured, both by the Maſs and the 
Velocity, if the Force which carries a Body of 
two Pounds in one Moment to a Foot Di- 
| ſtance, and a Force which carries a Body of 

one Pound in the ſame Moment to two Foot 


Diſtance, are equal Forces: But theſe are 1 
qua 
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qual Forces; for that Force which carries a 
Body of two Pounds in one Moment to one 
Foot Diſtance, is a Force which in one Mo- 
ment carries one Pound to one Foot Diſtance, 
and another Pound to another: The Force 
| which carries one Pound to two Foot Diſtance 
in an Inſtant, is a Force which in an Inſtant 
carries one Pound to one Foot Diſtance, and 
the ſame Pound to another Foot: But the 


Force which in an Inſtant carries one Pound 


one Foot, and another Pound to one Foot; and 
the Force which in an Inſtant carries one 


Pound to one Foot, and the ſame Pound to 
another Foot, are equal Forces: Therefore the 


Force which in an Inſtant carries a Body of 
two Pounds to one Foot diſtance, and the Force 
which in an Inſtant carries a Body of one 
Pound to two Foot Diſtance, are equal Forces; 


IT therefore the Quantity of Motion is equally 
I meaſured both by the Maſs and the Velocity. 


In like Manner, Experience teaches us, that in 


order to move a double Body with the ſame 
Celerity, or the fame Body with a double Ce- 
lerity, we muſt equally double the Forces. 
If the Queſtion be to determine the relative 
Quantity of Motion, in order to that I begin 
with dividing the Velocity of two Bodies into 
equal Degrees ; then I likewiſe divide at Plea- 
ſure the Maſs into equal Degrees or Parts, e. g. 
into Pounds. Then I multiply the Degrees of 
the Maſs of each Body by the Degrees of Ve- 
locity, or the Degrees of Velocity by the De- 
grees of the Maſs. The Product of each Mul- 


tiplication 
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tiplication gives us the Quantity of the Moti- 
on of each Body. Is the Velocity of a Body 4 
Degrees, and the Maſs 3? I muſt multiply 4 
by 3, or 3 by 4. The Product is 12. And 
this is 12 Degrees of Motion. Is the Veloci- 
ty of the other Body 2 Degrees, and the Maſs | 
4? I multiply 2 by 4, it produces 8. Thus 
1 determine the Force of one Body with Re- 
ſpe to another. J 
Ariſt. But I don't yet clearly fee how the | 
Product of the Velocity by the Maſs, or of the 
Maſs by the Velocity, exprefles the Quantity 
of Motion. "_ 1 
Eud. The Force or Quantity of Motion gives 
every Part of the Maſs its Velocity, equal to | 
the Velocity of the Maſs in general; ſince in | 
the ſame Time every Part runs the ſame | 
Length of Way as the whole Maſs. Therefore 
the Force anſwers to the Number of Parts, 
and to the Velocities of the Parts, or to the | 
Degrees of the Velocity of the Maſs, taken ſo | 
many Times as the Maſs has Parts. There- | 
fore the Product of the Velocity, multiplied 
by the Degrees of the Maſs, or the Maſs mul- | 
tiplied by the Degrees of Velocity, ought to 
expreſs exactly the Quantity of Motion, or the 
Degrees of Force, which are found in the | 
Body. | | 
Ariſt. IT perfectly apprehend your Meaning. 
The —— i its Direction 
towards one Part rather than towards another. 
The Velocity of Motion is its Relation to the 
greater | 
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greater or ſmaller Length, both of the Time 
and of the Space run through in that Time. 
The _— of Motion is its Force expreſs d 
by the Product, either of the Velocity by the 
Maſs, or of the Maſs by the Velocity. 

Eud. Hence when two unequal Bodies are 
in a reciprocal Ratio, that is, when the one 
has more or leſs Maſs, in Proportion as the o- 
ther has more or leſs Celerity, they have equal 
Quantities or Forces of Motion. Are they not 
in a reciprocal Ratio? Their Powers are un- 
equal. Though I walk this Moment as flow- 
ly as you do, or have preciſely the ſame Cele- 
rity that you have, yet I have more Motion 
than you, becauſe I have more Height, and 
you have a Shape more ſlender and thin. This 
1s the general Principle of Mechanicks, a Sci- 
ence ſo happy for improving Arts by the 
Knowledge and Help of Machines, eſpecially 
ſince the Foundation of the Royal Academy of 
Sciences. In this Principle alone you find at 
once the Knowledge of the ſurprizing Effects 
which the Curious take Pleaſure to obſerve in 
divers Leavers, in the Roman Ballance, Oars, 
Jacks, the Wheels of Water-Mills, the Wings 
of Wind-Mills, the Handle of Coffee-Mills, 
the Roll of an Hand-Mill, Fig. 4, the Cape- 
ſtan, Fig. 5. the Poles of Rope-Dancers, the 
Wedge, &c. 

Ariſt. What Method do you take, Eudox- 
us, to find at once in this fingle Principle the 
Know- 
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Knowledge of ſo many Things, which as yet 
appear to me unintelligible? | 
Eud. In a Machine I diſtinguiſh the Cen- 
ter, the Diſtances, and the Weight. I call the 
Center a fixed Point, or Point of Suſpenſion, 
the Point by which the Machine is ſupported, il 
faſtened, or ſuſpended. I call the Diſtance 0 
Beam, the Line or Extent which is found be- 
tween the fixed Point and the Extremity of the 
Machine. I call the Weight, the Forces ot 
Bodies applied after ſuch a Manner to divers 
Points of the Machine, that they counteract 
one another. The common Ballance, Fig. 6.8 
preſents to the Mind at firſt View a Center, or 1 
fixed Point, or Point of Suſpenſion (a), Diſtan- 
ces or Radii (b, c), and Weights (d, e). Fi- 
nally, I call Ægquilibrium, Reſt or Immobility, 
produced by Cauſes which have a contrary 
Tendency, but are of equal Forces, and equa! 
Motions. - : 
Two unequal Weights being ſituated in a 
Machine, after ſuch a Manner, that the leaſt W 
of them is farther diſtant from the Center or 
fixed Point, in Proportion as it has leſs Big- 
neſs, they cannot move round the Center, but 
there muſt be in the leaſt an Exceſs of Velo- 
city, equal to the Exceſs of Maſs which is 
found in the greater. The Exceſs of Velocity 
anſwers to the Exceſs of Diſtance or Beam; 
ſince the Parts of the Beam move ſo much the 
more ſwiftly, the farther diſtant they are from 
the Center, as is evidently ſeen in the — 
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of a Wheel: For it is evident that in theſe Ra- 
dii, the Parts make ſo much the more Way in 
a determinate Time, as they are nearer to the 
Circumference, and farther diſtant from the 
Axle-Tree. 

When two unequal Bodies are in the Situ- 
ation which I juſt now mentioned, they are 
faid to be in a reciprocal Ratio of Weight and 
Diſtance from the fixed Point, or of the Maſs 
and the Velocity: If a Weight of one Pound 
be two Foot diſtant from the fixed Point, or at 
the End of a Radius of two Foot, while a Bo- 
dy of two Pounds is one Foot diſtant from the 
fixt Point, or at the Extremity of a Radius of 
one Foot; the two Bodies are in a reciprocal 
Ratio of the Weights and the Diſtances from 
the fixed Point, or of the Maſs and the Velo- 
City. 

When two unequal Bodies are in a recipro- 
cal Ratio of the Weights and the Diſtances, or 
of the Maſs and Velocity, they are in Æguili- 
brio: For two Bodies are in Æquilibrio, when 
they both equally reſiſt the Effort which they 
make againſt one another. But in this Situa- 
tion two unequal Bodies do both equally reſi 
the Effort which they make againſt one an- 
other. The Refiſtance is equal to the Moti- 
on neceſſary to move them; and to move them 
there needs an equal Force, an equal Quantity 
of Motion, ſince there muſt be ſo much more 
Swiftneſs in the leaſt, as there is more Maſs in 
the greateſt, and ſince the Force and Quznticy | 
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of Motion are equally meaſured by the Ve. | | 
locity, and the Maſs, as we have demon- 


ſtrated. | 


Since two unequal Bodies are in AÆquilibris, 
when they are in a reciprocal Ratio of Weight i 
and Diſtance; by a contrary Reaſon they are 
not in Ægquilibrio, when they are not in a re- 
ciprocal Ratio. If they are not in 13 3 

eaſt Re: 
ſiſtance, that which requires leaſt Motion to 
move it, reſiſts leſs ; therefore it ought to give 
Way, and conſequently the other ought to out- 


that muſt give Way which makes the 


weigh it. | 


This being granted, one may immediately 
conceive the Efficacy of divers Leavers. The 
Leaver in general is a long Body, of which the i 
Length only comes under Conſideration. It 
has its fixed Point, and two Weights; or one 
Weight, which is called the Reſiſtance, and a 


Force equivalent to a Weight, which 1s called 
the Power, ſuch as the Hand when applied to 
one End of the Leaver. If the fixed Point (a) 
Fig. 7. be between the Reſiſtance (5), and the 
Power (c), it is a Leaver of the firſt Species, 
If the Reſiſtance be between the Power and 
the Point of Suſpenſion, it is a Leaver of the 
Second, Fig. 8. Theſe two Species of Leavers 


are effectual; why? Becauſe the Power both 
in the one and the other may be ſufficiently I 


removed from the Center or fixed Point, in or- 
der to have an Exceſs of Swiftneſs, equal or 


ſuperior to the Exceſs of the Greatneſs of the | 


Refiſtance, 
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Upon the Properties of Motion. 8 
Reſiſtance, or of the Weight; ſince che Velo- 
city anſwers to the Length of the Radius. 
Hence I can eafily explain the Roman Bal- 
lance, Fig. 9. which is a Leaver of the firſt 
Species: The Roman Ballance has two une- 
qual Radii, united and ſuſpended by a fixed 
Point. Suppoſe the ſmalleſt be one Inch, and 
the biggeſt thirteen. On the End of the ſmal- 
leſt I faſten a Weight of twelve Pounds; to 
the eleventh Inch of che greateſt I apply a 
Weight of one Pound. This Weight yields 
and aſcends. I place it at the twelfth Inch, it 
remains in Æquilibrio. I advance it to the 
thirteenth Inch, it deſcends, and the other 
Weight aſcends. Why ought the Weight of 
one Pound to yield and aſcend at the eleventh 
Inch, remain in Ægquilibrio at the twelfth, and 
outweigh and deſcend at the thirteenth ? 

I. The Weight of one Pound ought to 
yield and aſcend at the 11 Inch, if it makes 
a leſs Reſiſtance to the Effort of the Weight of 
12 Pounds, than the Weight of 12 Pounds to 
the Effort of the Weight of one Pound: Bur 
it makes leſs Reſiſtance; for the Reſiſtance an- 
ſwers to the Force neceſſary to move it, and 
to move it there need be only eleven Degrees 
of Force or Motion, while 12 are neceſſa 
for 12 Pounds, In ſhort, while the Weight of 
12 Pounds deſcends one Inch with one Degree 
of Velocity, the Weight of one Pound aſcends 
eleven Inches preciſely with eleven Degrees of 
Velocity: But a Weight of one Pound, which 
Vor. I. G has 
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has only eleven Degrees of Velocity, has only MW 
eleven Degrees of Motion; a Weight of 12 i 
Pounds, which has one Degree of Velocity, 
E has 12 Degrees of Motion; ſince the Motion 
is the Product of the Velocity by the Maſs, or 
of the Maſs by the Velocity, the Product of 12 
Degrees of Maſs by 1 Degree of Velocity is 12, 
and the Product of 11 Degrees of Velocity by 


one Degree of Maſs, is but 11. Therefore qu 
the Weight of one Pound ought to yield, and me 
aſcend at the eleventh Inch. of 

2. Why ought the Weight of one Pound to {ce 
æquiponderate at the twelfth Inch? The Fo 
Weight of one Pound ought to æquiponderate, on 
if its Reſiſtance is equal to that of 12 Pounds: of 
But it is equal; for to move both the one and otl 
the other, the ſame Quantity of Motion 1s ne- gre 
ceſſary. The Weight of 12 Pounds cannot de- on 
ſcend one Inch, but the Weight of one Pound. 77 
muſt aſcend 12 Inches; a Weight of 12 Pounds che 
cannot deſcend one Inch, nor a Weight of one W 


Pound aſcend 12 Inches, without having each Þ 
of them the ſame Quantity of Motion, that is W 
to ſay, 12 Degrees: Motion is equally mea- Us 
ſured both by the Velocity and the Maſs, and W 
one Degree of Maſs multiplied by 12 Degrees 81 
of Velocity, or one Degree of Velocity multi- Sr. 
plied by 12 Degrees of Maſs, afford 12 De- 
grees of Motion: Therefore a Weight of one ll 
1 ought to be in /Equilibrio at the twelfth - 
ch. i 


z Why 
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3. Why ought the Weight of one Pound to 
deſcend, being at the thirteenth Inch? The 
Weight of one Pound ought to deſcend, if the 
Weight of 12 Pounds muſt aſcend one Inch: 
But the Weight of 12 Pounds muſt aſcend one 
Inch, for it ought to yield and aſcend, if it 
reſiſt leſs; and it does reſiſt leſs, ſince it re- 
WW quires leſs Force to move it. In ſhort, it 
FJ moves and aſcends one Inch with 12 Degrees 
of Motion, while the other moves and de- 
ſcends 13 Inches with 13 Degrees of Motion: 
For the 12 Degrees of Maſs of the one, with 
one Degree of Celerity only, make 12 Degrees 
of Motion; the 13 Degrees of Velocity of the 
other, with one Degree of Maſs, make 13 De- 
grees of Motion. Therefore the Weight of 
one Pound ought to yield, when it is at the 
II Inch; to remain in Æquilibrio, when at 
the 12; and to outweigh, when at the 1300. 
Which was the Thing to be demonſtrated. 

Ariſt. Since the Efficacy of the ſmalleſt 
Weight or Power, increaſes in Proportion to 
its Diſtance from the fixed Point, the ſmalleſt 
Weight, the leaſt Power which one can ima- 
gine, can then outweigh the Reſiſtance of the 
greateſt Weight? 

Eud. I require no more, with Archimedes, 
than a fixed Point without the World, and a 
Leaver of a certain Stiffneſs and Length, and I 
will tranſport the Univerſe at Pleaſure into the 
imaginary Spaces. A Child would be able to 
do 
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do it by lightly touching the Leaver with the 
End of his Finger. 16 
Ariſt. Jam not ſurprized that Sciffars cut 


better near the Rivet than toward the Point, 
Sciſſars are two Leavers of the firſt Species, 


faſtened by a River, which is a fixed Point, or 
common Center; and the nearer the Reſiſtance 
is to the Point of Suſpenſion, the more eafily 
it ought to yield. The Efficacy of Pinces 
proceeds from the ſame Principle; and I un- 
derſtand why, when with Pincers I lay hold 
of a Log toward one of its Ends, it riſes and 
obeys with more Difficulty, than when I lay 
hold on it by the Middle. When I lay hold 
of it by the End, the other End has ſo much 


the more Force to reſiſt, as it is more remote 


from the Pincers, and from the Point of Suſ.- 
penſion. But let us fee the Uſe of your Prin- 
ciple in ſome Leavers of the ſecond Species. 
Eud. The Oar, which makes this Boat pals 
up toward the Pont Royal, is one. The Pow- 
er is the Hand applied towards the other Ex- 
tremity of the Oar; the Weight or Reſiſtance 
is the Boat and its Lading, atrach'd to the Oar 
between the Power and the fixed Point. The 
Hand or Power has ſo much more Advantage 
above the Weight, as it is more remote from 
the fixed Point, or the Water, than the Weight 
itſelf. 
Ariſt. But the Rower's Feet drive the Boat 


back with as great an Effort, as the Hand 


makes to carry it forward. Therefore the 
Boat 
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Boat ought to be immoveable, at leaſt in ſtand- 
ing Water. 

Eud. The Force of the Hand ought to pre- 
vail over that of the Feet, if the Force of the 
Hand be much farther removed from the fix- 
ed Point: But it is much farther removed from 
it. The fixt Point is in the Water, the Hand 
is at the other End of the Oar, and the Force 
of the Feet making a part of the Weight or 
Reſiſtance is, together with the Weight or Re- 
ſiſtance toward the Point of Reſt, united in 
41 the Point of the Oar where it is attach'd to 
4 the Boat; therefore the Force of the Oar muſt 
29 prevail over that of the Rower's Feet. And 
5 it is this Exceſs of Force which makes the 
Boat advance, and, contrary to the Current of 
the Water, carry Games and Diverſions toward 
the charming Manſions of Berci, Conflans and 
Choi ſi. 

Ariſt. J comprehend why the Hand of the 
Rower overcomes the contrary Effort of his 
Feet, and the Current of the Water. 

Eud. But do you comprehend how the Sein 
makes this Mill turn round, and how the Wa- 
b ter only of one ſingle Rivulet can make it turn, 
" chough it have much leſs Maſs and Bulk than 
' the Mill-ſtone itſelf? 
1 
t 


Ariſt. Let me think a Moment. Each Ra- 
dius of the Wheel is a Leaver of the firſt Spe- 
cles, The Water which flows, and is preci- 
pitated into the ſmall Cells of the Circumfe- 
rence, 1s the Power applied to one of the Ex- 
G 3 tremities 
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tremities of each Radius. Toward the other 
Extremity is the Point of Support, in the Cen- 
ter of a Cylinder, into which the Rad: are 
ſet. The Weight or Reſiſtance is the little in- 
ternal Wheel which immediately receives the 
Motion from the Cylinder that it conveys to 
the Mill-ſtone, The Power has ſo much the 
more Advantage over the Reſiſtance, as its 
Beam is the larger; and becauſe the Exceſs of 
Velocity in the Power does prevail, the Wheel 


turns round, the Grain 1s bruiſed, and dif 3 "} 
ſed to become proper Food for the Preſerva- | E 


tion of our Lives. 

The Windmill follows the ſame Prin- 
ciples; its Wings, which are agitated by 
the Wind are ſo many Leavers of the ſame 
Species, as 1s alſo the Handle of a Coffee- 
Mill. At length I conceive why one has fo Þ 
little Difficulty, and ſo much Pleaſure in the 
grinding of C offee. | 

Eud. Now that which conſtitutes the Force 
of the Coffee-Mill, makes up the Force of the 4A 
Roller, Capeſtan, Jack, Sc. The Wedge paſ- Bm 
ſes for a double Leaver of the ſecond Species. th 


The Nail, Knife and Sword are fo many Sorts L 
of Wedges, which are driven in ſo. much the h 
more eaſily, as the Parts ſeparated by thoſe n 
Species of Wedges find in them whereon to 0 
ſupport themſelves in ſome Sort, as upon an a! 
inclined Plane. The Advantage of an inclined g 
Plane is to be ſound in the Screw. 0 
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Ariſt. 1 ſee perfectly, Eudoxus, the Fertili- 
ty of this Principle, that the Quantity of Mo- 
tion is equally meaſured by the Maſs, and by 
the Velocity. 

Eud. Well, fince we have examined the 
Determination, the Velocity, the Quantity, and 
Properties of Motion, we will examine its 
Rules whenever you pleaſe. 

Ariſt. To Morrow at fix in the Morning I 
will repair to your Cloſet. I know that Philoſo- 
phers take little Reſt, their Search after Truth 
keeps them awake. 


ConveERSATION VIII. 


Upon the general Rules of Motion. 


Ariſt. J believe, Eudoxus, you will find ſome 
Difficulty in inſtructing me upon 


this Head. This Morning I ſaw a Man of 


Learning, well verſed in Antiquity, and who 
has by the ſole Weight of his Authority, filled 
me with ſtrong Prejudices againſt your Rules 
of Motion. He peremptorily affirms without 
any Ceremony, that thoſe Sorts of Rules are 
good for nothing, but to overturn the Order 
of Nature, | 


G 4 Eud, 
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Eud. 1 know not whether your Man of 
Learning was well awake, for he ſeems to me 
to have been in a Dream. Perhaps I am de- 
ceived; but in Matter of Phyſics I don't think 


one 1s obliged to yield immediately to the ſole 
Authority of a learned Man. This Victory 


depends upon the Force of his Reaſonings. For 


my Part, I do not know what they are, but 
here are mine. 

If Bodies do not follow, in their Motions, 
ſome conſtant Rules and Laws eſtabliſhed by 
the Wiſdom of the Creator, why do we ſee 
every Moment Bodies which move, and conti- 
nue to move more or leſs, in Proportion as 
ſome foreign Cauſe comes to determine them 
ſooner or later to reſt? Why does every Body 
that moves circularly, get off in a right Line, 
whenever it is at Liberty? Why does a Body, 
which receives divers Impreſſions at one Time 
towards different Places, accommodate itſelf 
to them all, as much as it can, according as 
they are ſtronger or weaker? Why do we ſee 
it loſe ſo much the more Motion, the more it 
cauſes in other Bodies? | 

Ariſt. I freely acknowledge your Reaſons 
affect me more than the Authority of my Man 
of Learning, who has grown old in his Enqui- 
ries after Antiquity, but who ſeems never to 
have conſidered what Nature inceſſantly pre- 
ſents to his Eyes. 

Eud. The Author of Nature, Ariſtus, has 
made Laws both for Bodies and Spirits; and 
. e 
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in the Obſervation of thoſe Laws I fee a ſur- 
prizing Difference: That is, that Spirits abuſe 
Reaſon, in order to violate theirs, while Bo- 
dies follow theirs conſtantly, and without de- 
generating, as if they were reaſonable. 

Ariſt. Pray let us unfold thoſe Laws or 
Rules fo faithfully obſerved by Bodies. 

Eud. In order to do ſo, let us begin with 
laying down ſome Principles. 

1. Motion and Reſt are the two States of 
Bodies: For conſtant Modes of Bodies are their 
States, and Motion and Reſt are the conſtant 
Modes of Bodies, fince both the one and the 
other conſiſts in a Sort of Continuation ; Moti- 
on in a ſucceſſive Continuation, and Reſt in a 
permanent Continuation. | 

Ariſt. According to this Principle, Ovid 
ſeems to have been a Philoſopher, and alſo 
ſomething of a Carte/ian, when he found Con- 
ſtancy even in the Inconſtancy of Fortune: 


Et tantum conſtans in levitate ſud eſt. 


Eud. 2. Body can give itſelf neither Motion 
nor Reſt; and of itſelf is wholly indifferent 
as to the one or the other. In a Word, it has 
of its own Property no Force, no Efficacy; it 
is only a Portion of Extenſion: It has nothing 
of itſelf and of its own- Stock beſide Length, 
Breadth and Thickneſs; the Idea of Body of- 
ters nothing elfe to the Mind, 


3. As 
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3. As Body is indifferent either to Motion 
or Reſt, by the ſame Reaſon it is ſo either to 
ſuch or ſuch a Direction, or to ſuch or ſuch 
a Velocity. 

Let us examine at preſent the general Rules, 
which all Bodies that are moved ſeem to follow 
in the Order of Nature: I ſee four of them . 

Here 


+ Sir Jſaac Newton has laid down three, by which we think 
every Thing that relates to Motion may be explained. 


. 


All Bodies continue in their State of Reſt or Motion, uniformly in 
a right Line, except ſo much as they are forced to change that 
State by Forces impreſſed. 

To ſhew how inviolably this Law is obſerved, we need only 
conſider that no Inſtance has been ever produced of any Body 
that did of itſelf change from Reſt to Motion, nor from Motion 
to Reſt; nor when in Motion, alter its Courſe, but that where- 
ever ſuch Changes happened, there were always evident Cauſes. 
If Bodies changed their Places of themſelves, all Things would 
run into Confulion, nor would there be any certain Means to re- 
gulate the Actions of the Univerſe. | 

Moreover there is in Matter a paſſive Principle, which Sir 

Iſaac Newton very well expreſſes by the Vis Inertia, whereby 

Bodies reſiſt to the utmoſt of their — any Change or Alte- 

ration of their State, whatever it be, either of Reſt, Motion, or 

its Direction; and this Reſiſtance is always equal in the ſame Bo- 
dy, and in different Bodies is proportional to the Quantity of 

Matter they contain. There is required as much Force to ſtop a 

Body in Motion, as is required to put it in Motion, & vice 

zer/a 3 and therefore ſince the ſame Body equally reſiſts the con- 

trary equal Changes of its State, this Reſiſtance will operate as 
powerfully to keep a Body in Motion, as to keep it at Reſt, and 
conſequently of itſelf, it can never change its State of Reſt, Mo- 
tion, or Direction; for to change its Direction, is the ſame 

Thing as to move of itſelf another Way. Matter then of itſelf 

is ſo far indifferent to Motion or Reſt, that it is no more inclined 

to 
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Here is the Firſt: A Body that is moved, 


ought to continue in Motion, until ſome ex- 
ternal and particular Cauſe determine it to 


eſt. 
a The 


to the one than to the other, and does no leſs reſiſt a Change 
from Reſt to Motion, than from Motion to Reſt. This Vis In- 
ertiæ is no where more conſpicuous than in the ſadden Motion of 
a Veſſel full of Liquor upon a Horizontal Plane ; at firſt while the 
Veſſel is moving along the Plane, the Liquor ſeems to move with 
a Direction contrary to that of the Veſſel, the Water riſing on 
the Hinder Side of the Veſſel. Not that there is really any ſuch 
Motion impreſſed upon the Liquor, but that by the Vis Inertiæ, 
the Water endeavouring to continue in its State of Reſt, the Veſ- 
ſel can't immediately communicate its Motion to it, by Reaſon 
of its Bulk and fluid State: But the Liquor perſeveres in its State 
of Reſt, whilſt the Veſſel makes forwards, and ſo ſeems to move 
a contrary Way. But when once the Liquor has the Motion of 
the Veſſel intirely communicated to it, and begins to move with 
a Velocity equal to that of the Veſſel, if the Veſſel be ſuddenly 
ſtopped, the Liquor continues its Motion, and daſhes over the 
Sides of the Veſſel. This paſive Principle, or Vis Inertie, is 
eſſential to Matter, and can neither be intended or remitted in 
the ſame Body, but is always proportional to the Quantity of Mat- 
ter Bodies contain. 

Corel. 1. Hence it is evident that no Body put in Motion will 
naturally, and of itſelf, move in a Curve- Line. For whatever 
moves in a Curve-Line, muſt in every Point alter its Direction, 
which, as was faid before, no Body can do. 

Corel. 2. Hence the great Bodies of this Univerſe the Planets, 
their Satellites, and the Comets do not naturally and of them- 
ſelves (tho' at firſt put in Motion) move in their reſpective Or- 
bits, which are Carve-Lines returning into themſelves, but are 
kept in them by ſome attractive Force, which if once ſuſpended, 
they would for ever run out in right Lines, and conſequently the 
Motions of theſe great Bodies in their Orbits, do abſolutely de- 
pend upon this attractive Force, whenceſoever it ariſes. 

Corol. 3. Again, hence it follows, that neither Motion nor 
Reſt (I mean not one of them particularly) is eſſential to Matter, 
i. e. it will be ſtill Matter, in whichſoever of theſe States it be, 
—— is indeed indifferent to both, or equally ſuſceptible of ei- 

er. 


Law 
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The Second : A Body which moves deſcribes, 
or tends to deſcribe a ſtraight Line. 8 
The Third: A Body that moves by the Force 
of divers Impreſſions towards different Places, 
| but 


L a w II. 


The Changes made in the Motions of Bodies are always proportiv- 
nal to the impreſi'd moving Force, and are produced in the ſamt 


Direction with that of the moving Force. 
Effects are always proportional to their adequate Cauſes ; and gre 
if any Degree of Force produce any Degree of Motion, a double ex 
Degree of the ſame Force will produce a double Degree of Mo- pe 
tion, and a triple a triple, and fo on; and this Motion muſt pro- the 
ceed' in the ſame Direction with that of the moving Force, fince be 
from this only the Motion ariſes : And becauſe by the former Pa 
Law, Bodies in Motion cannot change their Direction of them- un 
ſelves, fo that unleſs ſome new Force alter its Courſe, the Body of 
muſt proceed in the fame Direction with that of the moving Force VE 
And if the Body was before in Motion, the Motion arifing from im 
this impreſs'd Force, if in the ſame Direction, does ſo much en- nie 
creaſe the former Motion, if it has a contrary Direction, it de- * 
ſtroys a Part of the former Motion, equal to that which is im- ſo 
ed; when it has a Direction oblique to that of the former fi 
Motion, it is either added to, or ſubſtracted from the former Mo- th 
tion, according as the Motion ariſing from a Compoſition of theſe - 
two is determined. ; 
Coroll. Hence it is evident, that in the preſent Conſtitution 
of Things, there can be no perpetual Motion. By a perpetual 
Motion, I mean an uninterrupted Communication of the ſame Fr 


Degree of Motion from one Part of Matter to another in a Circle : 
Not as Bodies put in Motion do for ever continue in the fame, 
but in ſo far as they are reſiſted or ſtopp'd by other Bodies, but a 
Circulation of the ſame Quantity of Motion, ſo that it perpe- 
tually returns undiminiſhed upon the fir? Mover. For by this 
Law the Motion produced is but proportional to the generating 
Force; and all Motions on this Globe being performed in a re- 
ſifting Fluid, viz. the Air, a conſiderable Quantity of the Mo- 
tion muſt be ſpent in the Communication on this Medium ; and 
conſequently it is impoſſible the ſame Quantity of Motion ſhould 
return undiminiſhed upon the fi Mover, which is * 


e rr 
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but which are not diametrically oppoſite, com- 
lies with them all at once, as much as poſ- 
ſible in Proportion to their Forces. 
The Fourth : A Body that is moved, and in 
the End loſes its Motion, loſes it by Commu- 
- nication z 


ward a perpetual Motion. Moreover, the Nature of material 
Organs is ſuch, that there is no avoiding a greater or leſſer De- 
gree of Friction, tho the Machine be formed according to the 
exacteſt Principles of Geometry and Mechanicks, there being no 
perfect Congruity or exact Smoothneſs in Nature; the Manner of 
the Coheſion of Bodies, the ſmall Proportion the folid Matter 
bears to the Vacuities in them, and the Nature of the conſtituent 
Particles of Bodies, not 1 ſame. Beſides, how very 

imperfect our moſt finiſhed mechanick Performances are, a | 
ordinary Microſcope will eaſily diſcover. Now theſe Things muſt 
very conſiderably diminiſh the communicated Force, ſo that it is 
impoſſible there ſhould” be a perpetual Motion, unleſs the commu- 
nicated Force were ſo much greater than the generating Force, as 
to recompenſe the Diminution made therein by all theſe Cauſes, 
ſo that the impreſſed Motion may return undiminiſhed to the 
firſt Mover : But that being contrary to this Law, it is clear, that 
the Motion muſt continually decreaſe, till it at laſt ſtop, and con- 
— — there can be no perpetual Motion in the preſent State of 


LAW III. 


Repulſe or Reaftion is always equal to Impulſe or Action, or the 
Ation of twa Bodies upon one another, is always equal, but 
with a contrary Direfion, i. e. The ſame Force with which one 
Body ftrikes upon another, is returned upon the firſt by that 
other; but theſe Forces are impreſſed with contrary Direttions. 


Whatever preſſes or draws another, is as much preſs'd or drawn 
by that other : If one preſſes a Stone with his Finger, the Stone 
preſſes his Finger again. If a Horſe draw forward a Stone by a 
Rope, the Stone does equally draw back the Horſe ; for the Rope 
being equally diſtended both Ways, acts upon both equally. If 
one ſtrike an Anvil with a Hammer, the Anvil ſtrikes the Ham- 
mer with equal Force, The Steel draws the Magnet as much = 
the 


3 
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nication ; that is to ſay, one Body which ſtrike, 
againſt another, loſes of its Motion propor- 


a . Wi” of 
tionally, as it cauſes Motion in the other, Let pe 
us conſider ſome Particulars for the Proof of Ge 
the Effects of every Rule. * 

ſe] 
. 
. . . . . 2 
A Body which is moved continues in Motion un- y 
til ſome external and particular Cauſe deter- 8 
mine it to reſt. v 
I demonſtrate it thus: A Body 3 from - 
Motion to reſt of itſelf, or the Author of Na- la 
ture makes it paſs without the Encounter of 43 
an external and particular Cauſe ; or the Body B 
continues to move, as the Rule ſays: But, a = 
Body WY d 
the Magnet does the Steel, as is evident, by making both ſwim fe 
in Water: So in pulling a Barge to Land by a Rope, the Barge u 
pulls the Bank as much as the Bank does the Barge; and in the te 
Deſcent of heavy Bodies, the Stone attracts the Earth as much as 
the Earth does the Stone, i. e. the Earth gravitates toward the : 
Stone, as much as the Stone does toward the Earth. And the It 
Motions produced by both theſe Gravitations are equal in both, 5 
only the Stone is altogether inconſiderable, in reſpect of the Bulk | 
of the Earth; and conſequently the Velocity of the Earth's Mo- ˖ 
tion toward the Stone is inconſiderable, in reſpect of the Stone's 1 
Motion towards the Earth; and therefore the Motion of the Earth c 
toward the Stone is inſenſible. And univerſally in all the Actions 
of Bodies, if a Body act on another, and change its Motion any 1 


Manner of Way, that other will make the ſame Change in the 
Motion of this Body, with a contrary Direction; ſo that by theſe n 
Actions there are made equal Changes, not of the Velocities, but 

of the Motion; for the Changes made on the Velocities in con- | 
trary Directions, are in a reciprocal Proportion to the Quantity of 

Matter contained in the Bodies. Vide Cheyne's Philef. Principles, 
P. 7, &c. 
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Body that moves does not paſs from Motion 
to Reſt of itſelf, Why, and how can it paſs 
of itſelf from one State to another? It has no 
Power ; it is nothing but a Portion of Exten- 
ſion, which neither has any Force, nor any 
Intereſt to repoſe itſelf more than to move it- 
ſelf, by the firſt Principle. 
2. The Author of Nature never makes it 
aſs from one State to another, from a State of 
13 to that of Reſt, without the Action of 
a particular Cauſe; even as he never makes it 
without that paſs from Reſt to Motion, nor 
from one Figure to another: But he preſerves 
the Body in the ſame State, till ſome particu- 
lar Cauſe determine him to preſerve it in an- 
other. As he is a ſimple and unchangeable 
Be ing, he has made, and obſerves Simple, 
conſtant and uniform Laws, which bear upon 
them the Impreſſion of his Attributes: There- 
fore a Body which is moved continues to move, 
until ſome external and particular Cauſe de- 
termine it to reſt. 
Hence, when a Body has received Motion, 
it may preſerve it without the Aid of a 
particular Cauſe. Without this Aid, a Stone 
thrown into the Air aſcends, till having in- 
fſenſibly loſt its Force by the ſucceſſive En- 
counter of divers Parts of Air, it falls again at 
laſt by Virtue of its Weight. 
Ariſt. Would a Ball then ſhot toward the 
Eaſt, or toward the Meſt, move continually, if 
it ſhould meet with no Obſtacle toward the 
ſame 
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ſame Place, with the ſame Direction, and che 
fame Velocity? 
Eud. I don't doubt it. A Stone thrown per- 1 
pendicularly, would continue in an uniform 
Motion to reach the Zenith. The Indifferency 
of Bodies is alike as to Reſt, Motion, Direction, 
and Velocity. They have no more that Byak 
to Reſt, or to the Center of the Earth, which 
the antient Philoſophers found in them, or 
imputed to them *. | 
Ariſt. But if the moved Body never ceaſed 
to move, would not its Motion be infinite? 
Eud. It would not properly be infinite, ſince 
it would continually double its Velocity. 
Ariſt. I fee it; notwithſtanding Ari/rotle's 
Authority, you will not allow that Bodies which 
are moved, owe the Preſervation of their Mo- 
tion to the Impreſſion of the Air. 
Eudox. Becauſe the Air is an Obſtacle to 
Motion, therefore it muſt be far from conti- 
nuing it. Put a Pendulum into the Receiver 
of an Air Pump; and pump out the Air; the 
Vibrations of the Pendulum will thereby ac- 
quire a greater Velocity. 8 
Ariſt. I am wholly of your Opinion as to 
the firſt Rule. 
Eud. Let us paſs to the ſecond. 


* See the Notes on CON VERS AT. XVII. Vol. I. 
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RU L E IL 


very Body that moves, deſcri bes, or tends to de- 
Feribe a flraight Line. 


IT demonſtrate it thus: A Body, which of 
itſelf preſerves the ſame Direction as much as 
poſſible, deſcribes, or tends to deſcribe a ſtraight 
Line: For to deſcribe a crooked Line is to change 
the Direction; it is ſucceſſively to regard divers 
Points of the World: But every Body that is 
moved, preſerves of itſelf the ſame Direction 
as much as it can; ſince of itſelf it cannot 
change it, and is indifferent either to ſuch or 
ſuch a Direction, by the third Principle, ha- 
ving no Force, no Intereſt, no Byaſs to carry 
it, rather toward the Eaſt than toward the 
Weſt, toward the South than toward the North. 
Therefore every Body that is moved deſcribes, 
or tends to deſcribe a ſtraight Line. Accord- 
ingly every Body that is forced to deſcribe a 
Curve Line, runs off in a ſtraight Line wher- 

ever it is at Liberty. - 
= Hence; If the moved Body deſcribe preciſe- 
ly, a Square Figure, it muſt in its Way en- 
counter with four Obſtacles. Of itſelf it would 
always follow a ſtraight Line; it is altogether 
a Stranger to Turnings, . $2 

2. What is it that cauſes circular Motion? 
A Continuance of Obſtacles ; for a Body that 
is moved, always endeavours to follow a ſtraight 
Vol. I, H . Emej 
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this Effort removes it from the Center. Make 
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low the fame effectually, whenever it is at Li- 


Line; nevertheleſs it leaves it every Moment. 
What obliges it to that, if it be not a Conti- 
nuation of Obſtacles ? 

3- A Body moved circularly endeavours to 
remove from the Center of its Motion. In a 
Word, it tends to deſcribe a ſtraight Line ; and 


a Stone move round your Hand in a Sling; 
* your Hand, which is the Center of Mo- 
tion, feels the Effort which the Stone makes in 
order to remove. If you make a Veſſel full of 
Water move round in a Sling, the Water i 
not diffus'd ; why ? The Effort, which it makes 
to remove from the Hand, gives it a Direction 
which removes it from the Brim, and fixes 
it to the Bottom of the Veſſel. 

4. A Body that makes an Effort to remove 
from the Center of its circular Motion, en- 
deavours to go off in a Tangent (ab) Fg. 10, 
As the Points of the Circle are ſo many Begin- 
nings of Tangents, or of ſtraight Lines con- 
tained in ſome Sort upon the Circle, and which 
only ouch it in one Point, the Body that moves 
round receives in every Point a Direction to 
follow the Tangent; and you may ſee it fol- 


berty; it follows it whenever it gets out of the 
Sling. | 
5. When ſeveral Bodics are carried rapidly 
at ohce round a common Center, thoſe which 
are fitteſt for Motion, and have moſt Force, 
make the greateſt Effort to remove from the 

Center, 
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Center. The Effort of a Body in Motion 


anſwers to its Force, it makes all it can. 

6. Upon this Suppoſition, thoſe Bodies which 
have moſt Force, drive back the others toward 
the Center. The ſtronger cannot remove, 
without taking the Place of the weaker: For 
there is no Appearance of Vacuities capable of 
receiving the ſtronger; and the weaker cannot 
yield their Places without withdrawing into 
thoſe which the ſtronger have left free toward 
the Center. If you ſhould agitate in a circu- 
lar Manner the Corn with the Chaff in a Sieve, 
the Corn carried toward the Circumference 
forces the Chaff which is weakeſt, to unite in 
the Center. 

Finally, Should a Body that moves round a 
Center be a ſolid Body, its Parts move ſo much 
the more ſwiftly, the farther diſtant they are 
from the Center. In a Wheel, e. g. the far- 
ther diſtant the Parts of the Spokes are from 
the Axle-tree, the more Velocity they have, 
fince in the ſame time they make ſo much the 
more Way. ; 

Ariſt. The Conſequences of the ſecond Rule 
are evident. 


Eud. Thoſe of the third will be no leſs fo. 
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RULE III. 
A Body that is moved by the Efficacy of diffe- 


rent Impreſſions toward. difftrent Points, or 
which receives divers Directions, complies with 
them all, as much as poſſible, in Proportion t 
their Forces. 


I demonſtrate it thus: 1. It complies with 


all the Impreſſions, fince it is indifferent to 


them all, and can of itſelf refuſe none of them. 
2. It complies, I ſay, with all, in Proportion 
to their Forces; for a greater Force muſt pre- 


vail beyond a leſs proportionally, as the one 
is greater, and the other leſs. 
Hence, Suppoſe you ſtand upright in a Boar, 


will fall all along: Why? 
Ariſt. J ſee the Reaſon of ir. While the 


| Boat recoils, the upper Part of my Body pre- 


ſerves its firſt Direction toward the Bank : My 
Feet, being fixed to the Boat, receive a con- 
trary Direction to recoil immediately from the 
Boat itſelf, My Body complies with two Di- 
rections; the Feet recoil, the Head advances; 
the middle of my Body being ſupported by 
nothing, falls; and thus I come to be laid all 
along. 

Eud. Vou riſe again with ſome Applauſe. 
Then being placed upon a Cylinder endeavour 


Eud. 


; 
2 


C 


let it hit againſt the Bank, it recoils; and while 
it recoils, if 45 are not on your Guard, you iſ 
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do leap forward. What happens upon this 
= Attempt ? 

Arift. The ſame Effect; a merry Fall. 1 
give the upper Part of my Body a Direction to 
20 forward, and to my Feet to move backward, 
My Feet being ſupported by a moveable Cylin- 
der, follow their Direction, and recoil ; my 
Head follows its Direction, and goes forward. 
The middle of my Body finds itſelf without 
any Support, and I fall with my Noſe upon 
the Ground. This gives me ſome Confuſion, 
and in ſpite of all your Philoſophic Gravity 
you do nothing but laugh art it. 

Eudox. You are too well acquainted with 
the Rules of Motion to expoſe yourſelf to give 
this little Scene: But let us ſeriouſly examine 
the principal Conſequences of the third Rule. 
I ſuppoſe that a Body receives two Impreſ- 
ons toward different Points that are not dia- 
metrically oppoſite, or two Directions, Fig. II. 
the one (ab) horizontal or parallel to the Ho- 
rizon and the other (ac) perpendicular to the 
Horizon. What Courſe will it take? 

Arift. A compound oblique and middle Di- 
rection will be made up of theſe two Directions, 
namely, (ad) which approaches the horizon- 
tal and perpendicular Directions, more or leſs, 
in Proportion to the Force, both of the one 
and the other, ſince it ought to yield both to 
the one and the other in Proportion to their 
Forces, by the third Rule. . 
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Eud. And as an oblique Direction is form- 
ed of two Directions, the one perpendicular, 


and another parallel, we may ſay, that the 


oblique Motion has. two Directions, one pa- 
rallel, and the other perpendicular. In a Word, 
it brings the Body nearer to divers Points of 
two Lines, the one parallel, the other perpen- 
dicular, which would be the two Sides of a 
Parallelogram eg, of an exact Square, or of 
an oblong Parallelogram. Nothing more 1s ne- 
ceſſary to underſtand how the Wind makes a 
Mill go round. 

Ariſt. This is a thing which appears at firſt 
_ eaſy to conceive, but nevertheleſs becomes dit- 
ficult when one conſiders it. 

Eud. This is the Way I conceive it. The 
Axis of the Mill is in the Direction of the 
Wind ; the Surface of the Sails making with 
the Axis, to which they are faſtned, an Angle 
of 55 Degrees, and in a Situation oblique to 
the Wind. The Wind which blows obliquely 
upon the Surface of the Sails, has two Di- 
rections of oblique Motion, the one parallel, 
and the other perpendicular to the Surface of 
the Sails. By the parallel Direction the Wind 
does not puſh the Surface of the Sails; for a 
Direction parallel to a Body does not convey 
to it the Effort -of the Body moved. By the 
perpendicular Direction the Wind gives an Im- 
preſſion to the Surface of the Sails, in order to 
drive them backward by an oblique and middle 
Line, between the Axis and a Line perpen- 
dicular 
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dicular to it, The Surface of every Sail re- 
ceives then two Directions from the Wind, 
one perpendicular to the Axis, and another pa- 
rallel, which brings it nearer to the Axis. The 
Surface cannot follow the parallel Direction 
without breaking : It may freely yield to the 
perpendicular Direction without Danger, and 
it does ſo. But as it is attach'd to the Axis, it 
is oblig'd to change from a Perpendicular eve- 
ry Moment, which it does. Changing from a 
ſtraight Line every Moment, it deſcribes a 
Curve and circular Line, and makes the Axis 
turn round with it ſo much the more eaſily, 
becauſe every Surface anſwering to another 
diſpoſed obliquely, and a contrary Way, the 
Force which makes one aſcend, helps the o- 
ther to deſcend ; the Force which makes one 
deſcend, helps another to aſcend : So that the 
Situation of every Surface conſpires to the ſame 
circular Motion. Hence the Mechaniſm of the 
Mil. 

Would you have an Explanation of it more 
ſhort and ſimple? The Air being violently dri- 
ven againſt the oblique Wings of the Mill, en- 
r to dilate itſelf every Way by Vir- 
tue of its Spring, puſh the Sails both toward 
the Mill, and toward the Parts whither they 
are carried. The Sails cannot approach nearer 
to the Mill without breaking: They can, with- 
out breaking, follow the other Impreſſion; they 
follow it, and the Mill goes round: But ſup- 
poſe the horizontal and perpendicular Directions 
H 4 be 
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be always equal, what Species of oblique and 
middle Line will the moved Body deſcribe? 
Ariſt. The Diagonal of a Square; becauſe 
in this Suppoſition it ought equally to approach 
the horizontal and perpendicular Lines, which 
make two Sides of a Square ; and it cannot ap- 
proach them equally but by the Diagonal, 
drawn from one Angle to the Angle diametri- 
cally oppoſite. Suppoſe a Billiard Ball receive 
in this Corner of your Cloſet two equal Im- 
preſſions, one to go along the Wall on the 
Right, and another to go along the Wall on 
the Left; this Ball taking a middle Courſe will 
run into that Corner directly over againſt us, 
— it may equally yield to the two Impreſ- 
ons. 

Eud. But if there be any Inequality in the 
two Impreſſions, or in the two Directions of a 
Body, ſo that the one diminiſhes every Mo- 
ment, and the other increaſes proportionally; 
what happens? 

Ariſt. The Body moved deſcribes a Curve 
Line, that is a Parabola: For it deſcribes a 
Line which changes its Direction every Mo- 
ment, removing always from that which di- 
miniſhes; ſince the prevailing Direction for- 
eing it from the other, carries it every Mo- 


ment towards a new Point: Now a Line of 


this Kind is a Curve Line, a Parabola, Sc. 
Eud. According to this Principle a Canon 
Bullet deſcribes a Parabolical Line. It receives 
two Impreſſions, two Directions, the one ho- 
| rizontal 
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rizontal or Parallel to the Surface of the Earth, 
the other perpendicular, T hat proceeds from 
the Gun-powder, and this from the Gravity. 
The firſt is diminiſhed every Moment by the 
Reſiſtance of the Air, and the other increaſes 
by the repeated Efforts of the Gravity. In- 
creaſing every Moment it gives the Bul- 
let new Directions, carries it toward different 
Points of the Earth, and brings it nearer to the 
Perpendicular. The Line made up of thoſe 
Changes of Direction is a crooked Parabolic 
Line. The ſame Line is deſcribed by the Ball 
of a Fuzee, for the fame Reaſon. Would you 
hit a Mark at the End of the Reach of a Ca- 
non or Fuzee? Fix your Eye a little higher : 
But let me have the Pleaſure of perplexing 
you with ſome Problems. 

The firſt Problem. Why, I pray, does a Ball, 
while a Veſſel fails full before the Wind, fall 
from the Scuttle ro the Foot of the Maſt in a 
Curve Line, obſerved by thoſe who look from 
ſ the Shore? | 

Ariſt. The Ball has two unequal Directions, 
one horizontal, or parallel to the Horizon, 
which proceeds from the Veſſel, and another 
perpendicular and ſtronger, which proceeds 
from the Gravity. The Ball yielding to both 
in Proportion to their Forces, advances with 
the Veſſel in a Curve Line, which lays it down 
at the Foot of the Maſt. 2 
Eud. 2. Problem. A Ball thrown perpen- 
dicularly from the Foot of the Maſt, falls a- 
F $2 19 S gain 
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again at the Foot of the Maſt, tho the Veſſel 
be carried forward with Rapidity; why? 

Ariſt. For the ſame Reaſon. The Ball o- 
beying its two Impreſſions proportionally to its 
two unequal Directions, is carried again by a 
Curve Line to the Foot of the Maſt. 

Eud. 3. Problem. An Horſeman riding full 
Speed throws an Orange into the Air ; the O- 
range falls again into his Hand; why? 

Ariſt. For the ſame Reaſon Rill. © The O- 
range following the third Rule, yields to its 
two unequal Impreſſions agrecably to the In- 
equality of their Forces, and by a Curve Line 
meets the Hand again which threw it. 

Eud. 4. Problem. Now I will give you a 
more difficult Problem. Upon a Plane, the 
Plane of a Billiard-Table for Example, with 
the Edge of my Hand, and a ſmart Blow, I 
ſtrike a Billiard Ball about the Middle of its 
Diameter; the Billiard Ball being ſtruck runs 
off from under the Hand, and retires in a right 
Line toward the Hand which ftruck it: You 
would imagine it purpoſed to take Vengeance 
for the Blow it had received. 

Ariſt. The Ball being ſtruck by an Hand 

which flides upon its Circumference, and in a 
Place which does not carry it immediately up- 
on the Plane, receives two Motions at a time, 
the one ſtraight, and the other circular, and 
yields to both. By the ſtraight Motion it re- 
moves ; but this Motion is loſt by the Encoun- 


ter and Reſiſtance of the Air, which ic muſt 
divide 
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divide in order to advance. The circular Mo- 
tion, which does not meet with the ſame Ob- 
ſtacle, ſubſiſts a longer time, and being ſe- 
conded by the Reaction of the Air, puſh'd by 
the ſtraight Motion, it brings back the Ball to- 
wards the Hand ; while the Ball, wholly in 
different, either to Motion or Reſt, thinks no- 
thing of revenging the Blow it has received. 

Eud. When one underſtands what has been 
ſaid, it 1s eaſy to comprehend the Motions of 
Reflexion and Refraction. 

I throw a Billiard Ball obliquely upon a 
Plane : After the Stroke of the Plane it aſcends 
and paſſes to the other Side by a reflected Mo- 
tion. Why? 

Ariſt. The oblique Motion of the Billiard 
Ball {a 6) Fig. 12. is compounded of two Di- 
rections, the one parallel (a c and the other 
(a d) perpendicular to the Plane. The Plane 
being impenetrable to the Billiard Ball, and di- 
rectly oppoſed to the perpendicular Direction 
downward, changes it into a perpendicular Di- 
rection upward : But the parallel Direction re- 
mains; as it is parallel to the Plane, it does 
not encounter the Plane, and the Plane chan- 
ges it in no Sort. What then muſt the Bil- 
liard Ball do after encountering the Plane? 
Take a middle Courſe (6 c) to yield to thoſc two 
Directions, according to their Forces, It akes it 
without fail; and this is the Motion Re- 
flexion. ry 


Eud. 
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Eud. This Motion of Reflexion makes an 
Angle with a Plane, which they call an Angle 
of Reflexion; as the Motion by which the 
Plane is ſtruck makes with it an Angle, which 
they call the Angle of Incidence. But ought 
the Angle of Reflexion to be equal to the 
Angle of Incidence or not? 

Ariſt. If in the Fall and the Stroke the Bo- 
dy loſes nothing of its Force; and that none 
of the Directions be diminiſh'd, the Angles 
ought to be equal; ſince in the Fall, and af. 
ter the Stroke, the Body moved ought to de- 
ſcribe a Line equally diſtant from the Parallel 
and Perpendicular, in order to yield equally to 
equal Forces and Directions: But if it loſe of 
its Force; if the perpendicular Direction be di- 
miniſhed, and diminiſhed more than the Pa- 
rallel, as it happens in ſenſible Bodies, the An- 
gle of Reflexion ought to be leſs, ſince the Bo- 
dy moved ought to yield more to the parallel 
Direction than to the Perpendicular, which is 
become weaker. 
Eud. I think you ought to know at preſent 
the Reaſon of thoſe Undulations on the Water 
called Ducks and Drakes, as. well at leaſt as 
you knew how to make them, when you was 
younger. 

Ariſt. The ſmall flat and round Stone, which 
rapidly and obliquely grazes upon and ſkips 
along the Surface of the Water, has its two 
Directions, the one parallel and much ſtrong- 


er, the other perpendicular downward, and 
| | much 
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much weaker. The Plane of the Water, by 
= WT ic Refiſtance, immediately changes the per- 
W pendicular Direction downwards, into a per- 
pendicular Direction upwards; and the Stone 
is reflected, according to the Rule, by a mean 
and oblique Line. Then the Gravity in its 
Turn changes the perpendicular Direction up- 
ward, into a perpendicular Direction down- 
ward, while the parallel Direction ſtill conti- 
nues; and the Stone, obedient to the third 
Rule, proceeds again by an oblique Line to 
graze upon the Surface of the Water. This 
Diverſion continues for the ſame Reaſon, un- 
til the Stone having loſt its Motion, is ſunk 
by Virtue of its Gravity. It is by the Reaſon 
of Ducks and Drakes that a Cannon- Ball, after 
having grazed upon the Surface of the Sea, is 
ſometimes reflected ſo as to cauſe Death, even 
upon the Deck of a Ship. 

Eud. But I ſuppoſe that a Body, which is 
moved (a, b, c) Fig. 13. paſſes obliquely from 
one Medium into another, from Air, for Ex- 
ample, into Water, or from Water into Air. 
In the Point of paſſing (/ the Line which it 
deſcribes is broken; it turns afide a little, 
ſometimes removing from the perpendicular 
Line (d e), or the Line which paſſes perpendi- 
cularly through the two Mediums, and ſome- 
times approaching to the ſaid Line; and theſe 
are Refractions. How do they happen? 

Ariſt. The Body, which paſſes obliquely 
from one Medium into another, has its two 
| Directi- 
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Directions, one parallel to the Surface of the 
Medium, into which it paſſes, and the other 
perpendicular. When it reaches the Surface 
of a Medium that reſiſts more than that from 
which it comes, as it happens when a Ball 
paſſes from Air into Water, it finds a greater 
Reſiſtance at the perpendicular Direction than 
at the Parallel; the Exceſs of Reſiſtance dimi- 
niſhes the perpendicular Direction, while no 
Exceſs of Reſiſtance diminiſhes the Parallel. 
Therefore after the Diminution of the perpen- 
dicular Direction, the Body moved ought to 
yield leſs to it, and more to the Parallel. It 
cannot do ſo, without removing a little from 
the perpendicular Line which cuts the two 
Mediums: It removes from it; and this is one 
Species of Refraction. When it reaches a Me- 
dium that reſiſts leſs, it finds more Reſiſtance 
at the parallel Direction, than at the Perpen- 
dicular. Afrer the Diminution of the paral- 
lel Direction, the Body moved ought to yield 
leſs to it, and more to the other: It cannot do 
ſo without approaching to the Line perpendi- 
cular to the two Mediums; and this is another 
Sort of Refraction. Hence the Ball (a bc) 
which paſſes obliquely from Air into Water, 
removes from the Perpentlicular (de), loſing 
its Tendency to the ſame Point (. If it pals 
from Water into Air, it approaches to the Per- 
pendicular (d e), ceaſing to aim at the fame 
Point (CJ. If you defign to ſhoot a Fiſh in 
the Water, you muſt fix your Eye a little low- 
er. 
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er. The Refraction will make the Ball aſcend, 
and carry it into the Body of the Fiſh. 

Eud. But finally the Motion of Refraction, 
as well as that of Reflection, curve Motion as 
well as ſtrait, ſimple and Compound are loſt. 
How does that happen? Why, thus, as I ima- 
gine. 


RU LE IV. 
Motion that is beſt, is loft by Communication. 


Motion, I ſay, is loſt by Communication; 
or Reſiſtance deſtroys it. But Reſiſtance does 
not deſtroy it: For if Reſiſtance did deſtroy it, 
ſince the Stars diffuſe their Light every where, 
and all, or almoſt all Bodies act one againſt 
another, and continually reſiſt each other, in a 
ſhort Time all Motion would be deſtroyed, 
both in the ſubtile Matter and in the Univerſe; 
all Bodies ſhould quickly be frozen, an unhap- 
py Languor would ſpread itſelf over all Na- 
ture, and the Univerſe would be reduced to a 
frightful Chaos. 

You will ſay perhaps that the Spring, or 
that which reſtores to compreſſed Bodies their 
former Figure, reſtores alſo the Motion which 
they have loſt. But ought not the Spring it- 
ſelf to be annihilated ? For Body being only a 
Portion of Matter, is perfectly indifferent to 
all imaginable Figures. go—_ if after 


Compreſſion it reſume its former Figure, an 


external Cauſe muſt reſtorg4 by ſtriking againſt 
it. 
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it. This external Cauſe which ſtrikes it, is 4 


Body. This Body is imperceptible. There. 


fore it is the Air, or ſome finer Matter, the 
ſubtile Matter. It is not the Air. The Air 
has its Spring, which depends upon an exter- 
nal Cauſe. Therefore it is the ſubtile Matter. 
But the ſubtile Matter finding Reſiſtance both 
in Elaſtic Bodies, and in all that it encounters, 
would loſe its Force. Therefore the Cauſe of 
the Spring, and conſequently the Spring itſelf 
ought, as I think, to be annihilated. There- 
fore Motion is loſt by Communication. Thus 
we every Day ſee Bodies continue to move more 
or leſs in Proportion as they communicate 
more of their Force, : | 

Ariſt. If Motion is loſt after that Manner, 
it is found in one Body proportionally as it is 
loſt in another. This ſeems plain. 

Eud. Hence the Knowledge and natural Ex- 
planation of a Number of curious Facts. 

Arijt. Let us attempt to explain them ac- 
cording to your Principles. „ 

Eud. 1. One is more fatigued by walking 
upon moving Sand, than upon dry Ground, 
or upon Pavement itſelf, Why? 

Ariſt. One communicates much more Mo- 
tion to the moving Sand becauſe it yields, and 
becauſe the greateſt Part of the Grains of Sand 
receive their particular Motion, beſide the 
common Motion. The more one communi- 


cates, the more one loſes; the more is loſt; 
the 


. 
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the more one is exhauſted ; and the more one 
is exhauſted, the more one is fatigued. 
Eud. 2. A Cannon-Bullet ought then to be 
ſooner ſtopp'd in the Air, than in Water. 
Arift. Quite otherwiſe; it ought to ſtop, 
and does ſtop ſooner in Water; the Water 
yields, and 1s divided indeed, but with more 
Difficulty; it muſt therefore give it more Force; 
the Bullet does give it more Force; and the 
more it gives, the more it loſes. 
Eud. 3. If the Buller paſs through the Air 
over a very large River, or a Pond, it falls 
down much ſooner. What precipitates its 
Fall? | 
Ariſe. It is an Exceſs of Reſiſtance in an 
Air more filled with Vapours, and more denſe, 
which is divided with great Difficulty. The 
Bullet, in order to divide it, imparts more 
Motion; in Proportion as it imparts more, it 
loſes more; proportionally as it loſes more, it 
finds an End of it ſooner. 3 
Eud. 4. Suppoſe the Bullet encounter a 
Rampart of Earth, a Brick Wall, or a Sack 
of Wool, the Motion is ſooner deadened than 
by the Stroke of a very hard and thick Wall. 
Ariſt. In the Earth, Wool and Brick the 
Parts are ſufficiently flexible, they give Place, 
bend, and are looſened pretty eaſily, to receive 
from the Bullet each their Quantity of proper 
Motion. Theſe Quantities of proper Motion 
quickly equal the common Motion of the Bul- 
let; and this is ſo much loſs to it. The Bul- 
Vor. I, I let 
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let having in a ſhort Time loſt ics Motion, i: 
quickly deadened, and remains at Reſt in the 
Earth, Brick or Wool. But ſhould it encount- 
er a thick Wall of very hard Stones, the Part 
of theſe Stones are not ſufficiently flexible, do 
not yield, nor bend, nor are looſened with Eaſe 
enough, ſo as each may receive its Quantity of 
particular Motion; they only receive a com- 
mon Motion which does not at all equal that 
of the Bullet; and the Bullet recoils with that 
Force, which is left it. 

Eud. 5. But the Bullet, which would be 

quickly deadened in the Brick, makes a Pan- 
nel fall from a Wall more hard and ſolid. 

Ariſt. It does this, becauſe it ought ſo to 
do according to the fourth Rule. In the Brick 
che Motion becomes peculiar in ſome Sort to 
the imperceptible Parts. From the 3 
tible Parts of the Brick it paſſes into thoſe of 
the Air and ſubtile Matter; and the whole 
Effort of the Bullet is, as it were, annihilated. 
But in the Pannel of a much harder Wall, the 
Motion of the Bullet does not become proper 
to the imperceptible Parts; it is almoſt wholly 
employed to diſplace the Pannel of the Wall. 
It does diſplace it, and makes a free Paſlage 
for the Enemy. 

Eud. 6. The Cannon-Ball does not perplex 
you. Burt an Arrow, which preſents its Point 
to the Reſiſtance of the Air before it goes a 
great Way; whilſt another Arrow, which pre- 
ſents its Side, falls down again almoſt imme- 

diately. 


6 * 
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diately. Theſe two Arrows may give you more 
Uneaſineſs than the Bullet. * 

Ariſt. Not at all. The Arrow, which pre- 
ſents only its Point to the Air, goes a long 
Way, becauſe encountering but with little Air 
eyery Moment it communicates and loſes little 
of its Motion. The other, which preſents u 
much larger Surface, quickly falls again, be- 
cauſe meeting with much more Air every Mo- 
ment, it communicates and loſes much more of 
its Force. . ; | 

For the ſame Reaſon a Beam, whoſe Extre- 
mity cuts the Air, is more eaſily carried; and 
a Boat, which preſents its Side to the anterior 
Air, is ſtopped with leſs Effort. 


. Eud. Hence the larger Surface a Body has 


in Regard of its Maſs, the more of its Force it 
loſes: every Moment. As it ſtrikes againſt 
more Parts of the Medium which it muſt cut 
through, it gives equal Quantities of Motion 
to more determined Parts; and the more it 
gives, the more it loſes. But the ſmaller Bo- 
dies are, _ the larger Surface they have in Re- 
gard of their Maſs. For divide a Globe into 
two Hemiſpheres, before the Diviſion the two 
Hemiſpheres had only the Circumference of 
the Globe for their Surface, but after the Di- 
viſion they have for Surface, both this Cir- 
cumference, and likewiſe two Planes: There- 
fore Bodies, the ſmaller they are, loſe the more 
of their Force, cæteris paribus. 


12 This 
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This bei nted, I put into two equal 
Fuſees the 22 of —— ten Shot in 
to one, and into the other a Bullet whoſe 
Weight equals the ten Shot. Will the ten Shat 
g0 as far as the Ball? 

Ariſt. No. The ten Shot being ſmaller, 
each in Particular, than the Ball, they haye 
more Surface in Regard of their Maſs; having 
more Surface, they will encounter more Oh- 
ſtacles; encountering more Obſtacles, they wil 
communicate more Force; communicating 
more Force, they will loſe more; loſing more 
Force, they will make leſs Way: Therefore 
they will not go ſo far as the Bullet. 

Eud. But inſtead of Fuſees, Bullet and Shot, 
I ſuppoſe two, Jets d Eau. In one of them 
the Water runs off in Threads through a Num- 
ber of ſmall Pipes, and falls down again in 
Rain; in the other an equal Quantity of Wa- 
ter ſprings up by the fame Paſſage in Form 
of a Cylinder. Which of the two ſprings 
higheſt? _ 

Ariſt. The laſt; ſince having leſs Surface in 
Proportion to its Maſs, it communicates eve- 
ry Moment, and loſes leſs of its Force. 

Eud. After this it is eaſy to comprehend 
why rugged Bodies move with greater Diffi- 
culty than ſuch as are poliſhed ; becauſe the 
firſt having more Surface on Account of their 
Inequalities, meet with more Obſtacles,” and 
communicate more of their Motion, But fi- 

nally, 
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nally, whence proceeds that Facility in ſpheri- 
cal Bodies to turn round upon their Center? 

Ariſt. Finding no great Impediment to their 
circular Motion, they communicate bur little 
of it. Hence a Whirligigg and a Top keep 
theirs a long Time; and turning about upon 
their Center, ſeem to ſleep calmly, without 
any Fear of loſing their Forces. 

Eud. Here then, in a Word, are the four 
Rules of Motion, which all Bodies follow, as 
it were, with Emulation. | 
Rule I. A Body that is moved ought to 
continue in Motion, until ſome external and 
particular Cauſe determine it to reſt. 

Rule II. A Body that is moved deſcribes, 
or tends to deſcribe, a ſtrait Line. 

Rule III. A Body carried by different Im- 
preſſions towards different Points, or which 
has divers Determinations, yields to them all in 
Proportion to their Forces. 

Rule IV. Motion that is loſt, is loſt by 
Communication. 

All theſe Rules are equally obſerved both in 
hard, elaſtic and ſoft Bodies. 

Ariſt. But what is the Cauſe of the Hard- 
neſs, Elaſticity, and Softneſs of Bodies? 

Eud. This is a difficult Subject which de- 
ſerves to be thought on before one pretend to 
diſcourſe of it. 
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CONVERSATION IX. 


Upon the Hardneſs, Elafticity and Sift- 
neſs of Bodies. 


Eud. ELL, 2 what is the Hard- 
neſs of Bodies according to 

your Judgment ? 

Ariſt. It is the Reſiſtance of Bodies to the 

Diviſion of their Parts. But whence this Re- 

E 1 * A oy 


} All Bodies that are perceived by our Senſes, conſiſt of very 
{mall Parts, no one of which is indiviſible of itſelf; but all of 
them are in Reſpect to us: For all the Diviſion we can make. 
only a Separation of Parts. When a great Force is required to 
make ſuch a Diviſion, a Body is faid to be Hard. 

If the Parts yield more eaſily, and fall in by being preſſed, ſuch 
a Body is ſaid to be /. | 

But this great and leſſer Force in the common Signification, 
determine nothing; for a Body that is hard in Reſpect to one 
Man, ſeems ſoft to another. | f 

Defin. 1. A Body is ſaid to be Hard in a Philoſophical Senſe, 
ruhen its Parts do not alter their Situation with Regard to one an- 
other upon any Force impreſſed. | 5 

Defin. 2. A Body is ſaid to be /of?, in a Philoſophical Senſe, 
when its Parts yield inwards, and ſlip in upon one another, even 
though it may require a Blow with a Hammer to db it. 7 

Defin. 3. A Body whoſe Parts yield to any Impreſſion, and 
oy TG are eaſily moved, in Reſpe& to each other, is called 
a Fluid. | 

All theſe Things depend upon the Coheſion of Parts, the cloſer 
that Cohelion is, the nearer a Body approaches to perfect Hard- 


neſs, 


But 
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fiſtance proceeds, and what occaſions the Hard- 
neſs of Bodies, I acknowledge I do not eaſily 


underſtand. 
Eud. 


But the Hardneſs of the ſmalleſt Parts does not differ from 
their Solidity, it is an eſſential Property of a Body, which is no 
more to be explained, than why a Body is extended, or a Mind 
thinks. 

It is uncertain whether all Bodies conſiſt of Parts that are equal 
and alike: And there are alſo ſeveral Things very difficult in Re- 
lation to the Cauſe of the Coheſion of the ſmall — of Bodies. 

It is a particular Law of Coheſion, that all the Parts have an 
altractive Force. 

Defin. 4. By the Word Attraction I underſtand, that Proper- 
ty by which two Bodies tend towards each other, without external 
Force. | | 

But that Attraction is ſubject to theſe Laws; that it is very 
great in the very Cautact of the Parts ; and that it ſuddenly de- 
creaſes, inſomuch that it acts no more at the laſt ſenſible Diſtance ; 
nay, at a greater Diſtance it is changed into a repellent Force, by 
which the Particles fly from each other. h 

We ſee that in all Liquors all the Parts attra& one another, 
from the ſpherical Figure that the Drops always have; and alſo 
becauſe there is no Liquor whoſe Parts are not ſticking to one 
another, which is evidently true even in Mercury itſelf. Beſides, 
in all Liquids, two Drops, as foon as they touch one another ever 
ſo little, immediately run into one larger Drop. All which 
Things, as they alſo happen in liquified Metals, it follows, that 
the Parts of which they are compounded do attract one another, 
even when they are disjoined by the Motion of the Fire. 

Theſe Appearances do not depend upon the Preflure of the 
Air, becauſe they alſo happen where there is no Air; neither do 
they depend upon the Preſſure of any other Matter equally from 
all Sides; for though ſuch a Preſſure is able to keep the Drops to 
= ſpherical Figure, it can by do Means bring them to it at 


Defin. 5. Elaſticity of Bodies, namely, that Property whereby 
they return to their former Figure, when it has been altered by any 
Force: This is eafily, deduced from what has been ſaid: For if a 
compact Body be dented in without the Parts falling into that 
Dent, the Body will return to its former Figure, from the mu- 
tua] Attraction of its Parts. 

Now 


I 4 
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Eud. Hear then my Sentiment upon that 
Head. Hard and ſenſible Bodies have their 
perceptible and imperceptible Parts. The firſt 
are compounded of the laſt. Both the one 
and the other have their Hardneſs; whence 
proceeds, at leaſt in Part, the Hardneſs of ſen- 
fible Bodies. | 

1. Whence proceeds the Hardneſs of the 
imperceptible Parts? From the relative Reſt 
of their Particles, purpoſely preſerved by the 
general Cauſe, or the Will of God, unril ſome 
foreign and particular Cauſe come with a cer- 
tain Degree of Force to divide them. The 
Hardneſs of the imperceptible Parts proceeds 
from this Principle, or from their own Na- 
ture, or from the Preſſure of ſome ſubtile and 
fine Matter, which ſurrounds them Now it 
does not proceed from the Nature of the im- 


Now leſt = one ſhould imagine, becauſe we do not give the 
Cauſe oz the {aid Attraction and Repulſion, that they muſt be 
looked upon as occult Qualities; We ſay here with Sir 1/aac 
Nezoton, ©* That we conſider thoſe Principles not as occult Qua- 
ties, which are ſuppoſed to ariſe from the ſpecifick Forms of 
Things; but as univerſal Laws of Nature, by which the Things 
< themſelves are formed: For the Phænomena of Nature ſhew, 
*© that there are really ſuch Principles, though it has not been yet 
explained what their Cauſes are. To affirm that the ſeveral 
* Species of Things have occult ſpecifick Qualities, by which they 
act with a certain Force, is juſt ſaying nothing. But from two 
* or three Phænomena of Nature to deduce general Principles of 
Motion, and then explain in what Manner the Properties and 
„Actions of all Things follow from thoſe Principles, would be 
<* a great Progreſs made in Philoſophy, though the Cauſes of 
* thoſe Principles ſhould not yet be known”. Vide Graveſande's 
Elements, B. I. c. 5. 


perceptible 
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rceptible Parts; one ſees no Hardneſs in their 
Idea, and the Particles yet more minute, of 
which they are compounded, are themſelves 
perfectly indifferent as to their remaining, or 
not, near one another. Neither does it pro- 
ceed from a more ſubtile and fine Matter which 
ſurrounds them. For, in ſhort, it is proba- 
ble that this ſubtile and fine Matter has its own 
Hardneſs: But whence ſhould it have it? We 
muſt run up to Infinity. Beſides, all the Par- 
ticles of the imperceptible Parts, would, with- 
out any Difficulty, run horizontally upon one 
another, as one poliſhed Marble upon another. 
The Hardneſs then of the impercepfible Parts 
proceeds from the relative Reſt of their Parti- 
cles, fuch as I have ſaid. In ſhort, there can 
be no other Principle of Hardneſs, and with- 
cout Hardneſs there can be no Univerſe. 
| 2. Whence proceeds the Hardneſs of the 
ſenſible Parts? From the firm, ſolid and une- 
qual Texture of the imperceptible Parts. The 
imperceptible Parts inchaſed after a Thouſand 
Manners, and crowded into one another, make 
the ſenſible Parts; the Hardneſs of the imper- 
ceptible Parts, inchaſed and intangled after this 
Faſhion, obſtruct their Diviſion : Hence the 
Hardneſs of the ſenfible Parts, compoſed of a 
Texture of imperceptible Parts. 

3. Laſtly, the perceptible and hard Parts 
having divers Figures, and being interwoven 
with one another, cannot be divided without the 


breaking of an infinite Number of ſmall, im- 
perceptible 


122 CoNVERSATION IX. 


perceptible and hard Parts. From the Conca. 
tenation of theſe ſenſible Parts, ſeconded by the 
fluid or ſubtile Matter, and Air which ſur- 
round them, preſſing them on all Sides toward 
a common Center, proceeds the Hardneſs of 
ſenſible Bodies. 

Ariſt. According to your Sentiment the 
Hardneſs of the imperceptible Parts proceeds 
immediately from the relative Reſt of their 
Particles, the Hardneſs of the ſenſible Parts 
from the Texture of the imperceptible, and 
the Hardneſs of entire Bodies from the Conca- 
tenation of the ſenſible Parts and Preſſure of 
the Fluid which ſurround them. This is to 
explain, after a probable Manner, a Thing dif- 
ficult to — ; and this makes me im- 
patient to know what you think of the Elaſti- 
city of Bodies. 

Eud The Action of foreign Force, the Ef- 
fort of the Hand for Example, bends a Plate 
of Steel, compreſſes a Foot-Ball, bends a Bow, 
Sc. Should this Action ceaſe, the Bodies re- 
ſume of themſelves, as it were, their former 
Figure; and that which makes them reſume 
it as of themſelves, is what they call the Spring, 
or elaſtic Force. What then is the Elaſticity 
of Bodies? It is that which makes them re- 
ſume as of themſelves that Figure which ſome 
foreign Force had taken from them. 

Ariſt. But the Figure which folded, com- 
preſſed, and bended Bodies, ſeem to reſume of 

| them- 


On the Hardneſs, &c. of Bodies. 113 


themſelves, do they really reſume it of them- 
ſelves? | 

Eud. No; for being of themſelves only a 
Portion of Extenſion, they are no leſs indiffe- 
rent to ſuch or ſuch a Figure, than to ſuch or 
ſuch a Direction; they are neither for a ſquare 
Figure, nor for a round one; the Figure which 
Compreſſion gives them fits and accomodates 
them, as well as that which it takes away 
from them. 

Ariſt. Therefore ſome external Cauſe muſt 
reſtore to them, and oblige them to reſume 
the Figure which they have loſt by the Preſ- 
ſure. But what is this external Cauſe? The 
ſubtile Matter, without doubr. 

Bud. It is the ſubtile Matter or the Air, as 
we have obſerved already. Ir is an impercep- 
tible Body; it is, I fay, a Body; for it is ſome- 
thing that ſtrikes, touches and modifies: And 
this Body is imperceptible; the Senſes do not 
perceive it. Bur it is not the Air, the Air it- 
felf has its own Spring, as Experience ſhews. 
In a Foot-Ball the Air is compreſſed an hun- 
dred Times more than in its natural State. It 
reſumes its former Figure, and it reſumes it 
only becauſe it is reſtored to it: For it has no 
Intereſt to reſume it, it is very indifferent to 
it, Therefore the ſubtile Matter is the exter- 
nal Cauſe which reſtores to compreſſed Bodies, 
that Figure which the Preſſure had taken from 
them. Not but the Air, which has its Spring, 
and which finds itſelf ſhut up in the contract- 
4 | ed 
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ed Pores of other Bodies bended or compref. 
ſed, contributes immediately, by Virtue of its 
Spring, to reſtore them to their former Fi. 
gure: But it is the ſubtile Matter which ſets 
this Spring a-going. 
Ariſt. But how does ſubtile Matter reſtore 
to Bodies the Figure which they had loſt? 

Eud. In Compreſſion the Parts are bowed, 
the Pores of the Concave Surface are contract. 
ed, and the Pores of the convex Surface are 
enlarged. The ſubtile Matter, which is in a 
violent Agitation, paſſing from the laſt into 
the firſt accelerates its Motion, to the End 
that what paſſes through the larges Pores, may 
paſs in equal Times through thoſe which are 
more ſtrait; this Acceleration of Motion opens 
and dilates the contracted Pores, both of the 
Air, if any be met with, and alſo of the Body 
which contains it. The contracted Pores can- 
not be dilated without the Contraction of the 
enlarged ones; thoſe cannot be dilated, nor 
theſe contracted, without the compreſſed Bo- 
dies being reſtored to their former State; 
Thus the ſubtile Matter reſtores them to their 
former Figure, much after the ſame Manner 
as the Humidity imbibed into an extended 
Rope, but ſomewhat crooked, makes it ſtrait; 
or as Water that is filtred in a compreſſed 
Sponge, does extend and reſtore it to its na- 
tural Situation. 

The ſubtile Matter may contribute farther 


to re-eſtabliſh compreſſed and curved Bodies 
| = in 
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in their firſt State, by flowing from one Ex- 
tremity to another; as the Air, which we 
cauſe to enter with ſome Effort into a flexible 
and crooked Pipe, makes it change its Figure, 
and ſtreightens it. 

Ariſt. I conceive perfectly well, and approve 
your Sentiment. The Action of the ſubtile 
Matter, which runs with ſome Acceleration 
of Motion into the Pores contracted by Com- 
preflion, is the external Cauſe which makes 
che Spring play, or unbends it. But beſide 
the Action of the ſubtile Matter, muſt there 
not moreover be an internal Cauſe, or ſome 
particular Diſpoſition on the Part of the Body? 

Eud. That the Body may be rendered ela- 
ſtic, there muſt be a certain Flexibility of 
Parts, a certain Stiffneſs or Hardneſs, and Pores 
neither too ſmall, nor too large. There muſt 
be 1. a certain Flexibility of Parts; otherwiſe 
the Body cannot be compreſſed, nor conſe- 
quently dilated. 2. A certain Stiffneſs or Hard- 
neſs; without this the ſubtile Matter making 
new Paſſages for itſelf too freely, would nei- 
ther open nor enlarge the contracted Pores. 
3. Pores which are not too ſmall, to give Ac- 
ceſs to the Action of the ſubtile Matter. 4. 
Laſtly, Pores which are not too large, leſt the 
ſubtile Matter paſs through without making any 
Effort to enlarge them. 

Ariſt. Vour Sentiment concerning Elaſticity 
is perfectly agreeable to the Idea which I had 
formed to my ſelf in reading M. Deſcartes, 


and 
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and M. Rohault; and nothing, I think, is more 
happy for explaining the ſurprizing Effects of 
Elaſticity, and whatever relates to it. 

Eud. Let us make a Trial of it. The Force 
of Elaſticity is acquired, augmented, diminiſh- 
ed and loſt. Whence proceed theſe Changes, 
which are to Philoſophers ſo many Species of 
Miracles of Nature? 7 

Ariſt. 1. If the Pores, which were too 

large, are contracted, or thoſe which were too 
ſmall are enlarged, the ſubtile Matter begins to 
paſs with ſome Violence through the one and 
the other; its Action dilates and extends them; 
and thus you have ſome acquired Force of 
Elaſticity. 
2. Let the contracted Pores be contracted 
yet more, or let the enlarged Pores be till 
more enlarged, there paſſes more ſubtile Mat- 
ter through the laſt, and it paſſes with a great- 
er Effort through the firſt, and thus the Spring 
is augmented. | 

3. Are the Pores a little too much con- 
tracted, or too much enlarged? There paſſes 
too little ſubtile Matter through the one, and 
it paſſes too eaſily through the other; its Ef- 
fort is abated, and thus the Spring is dimi- 
niſhed. | 

4. Does the Exceſs of Contraction, or of Di- 
lactation, proceed to a certain Point? The ſubtile 
Matter finds no more Paſſage, or at leaſt it 
paſſes without Effort, without dilating or ex- 

tending 
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tending the Interſtices; and thus the Spring is 
loſt. 

Eud. After this one may preſently compre- 
hend why Lead, ſoft Wax, and ſoft Bodies, 
have ſo little Elaſticity. 

Ariſt. That is becauſe thoſe Bodies having 
too flexible Parts, or too great Pores, give too 
free a Paſſage to the ſubtile Matter. 

Eud. But Steel, which has never been tem- 
pered, has however ſtiff Parts, and yet but lit- 
tle Spring. Wy | 

Ariſt. This Steel has little Spring, becauſe 
the Corpuſcles of Fire, for want of tempering, 
have been too long Time agitated in its Pores, 
and have too much enlarged them by the Con- 
tinuance of their Agitation. 

Eud. By a contrary Reaſon tempered Steel 
ought to have much more Elaſticity. 

Ariſt. Without doubt, becauſe the Liquor 
has contracted its Pores, and extinguiſhed the 
Corpulcles of Fire. & 

Eud. But why does the very tempering it- 
— give little Elaſticity to Steel that is too 

ot? 

Ariſt. Becauſe then the Exceſs of Heat, not- 
withſtanding the Liquor which cools the Steel, 
renders its Pores ſomething too large. 

End. Beat the Steel, and its Spring is im- 
proved. 

Ariſt. One ſees the Reaſon of that immedi- 
ately, the Pores which were too large are con- 
tracted. 
| Eud. 


3 
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Eud. But why does the Steel loſe this ac. 
uired Force ſo quickly in a Fire too violent? 
Ariſt. Becauſe the exceſſive Agitation of the 
Corpuſcles of Fire enlarges its Pores too much, 
Thus in order to = Elaſticity to the Steel 
in the tempering, there muſt be a certain De- 
ee of Heat. | 

Eud. Thus the Elaſticity of Steel ſeems to 
be handſomly explained. But why has green 
Wood ſo much Elaſticity, in Compariſon of 
Wood that is dry and Worm-eaten? 

Ariſt. Becauſe the ſubtile Matter by Virtue 
of its paſſing through the Inter ſtices of Wood 
too dry and Worm-ecaten, has therein made it- 
ſelf more free Paſſages than in the green 
Wood, and by much too free. It finds in the 
Pores of the green Wood a Liquor, Juices and 
Obſtacles, which it does not meet with in that 
which is old and Worm eaten. 

Eud. I ſee what you are about to ſay of a 
Bow, which unbends, as it were, of itſelf, or 
loſes its Elaſticity, by Reaſon of its having been 
bended too long a Time. 6 

Ariſt. When the Bow is bended, the Pores 
which are toward the convex Surface are en- 
larged, and thoſe which are toward the con- 
cave Surface are contracted. Leave the Bow 
at Liberty to unbend itſelf: The ſubtile Matter 
which glides through the large Pores accele- 
rates its Motion, inſinuates itſelf, and flows 
with Violence into the ſmaller ones. Theſe 
are dilated, and thoſe contracted — 

75 
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ly; the Bow is unbended. Has it been too 
long Time bended? The ſubtile Matter, by 
Means of its ſtriking againſt the cloſed Pores, 
or againſt the ſolid Parts, has made itſelf a free 
Paſſage. From the Time that it paſſes freely, 
it makes no more Effort to enlarge the Inter- 
ſtices. Hence no more Spring, and the Bow 
refuſes to ſhoot the Arrow. 
= £ud. The Spring of the Air ought, I think, 
co be finally loſt, or diminiſhed ar leaſt as well 
Jas that of a bended Bow. However it is nei- 
© ther loſt nor diminiſhed. A Portion of Air ex- 
© traordinarily compreſſed, appeared ſtill to have 
che ſame Force of Elaſticity after 16 Years 
Preflure*. 
Ari. The Elaſticity “* of the Air ought not 
to be changed like that of mixed Bodies: For 
1. The Air being a more ſimple Body has not 
ſo many Interſtices, it does not furniſh ſo ma- 
ny new Paſſages to the ſubtile Matter. 
2. As the Pores of the Air are very ſtrait, 
the ſubtile Matter does not paſs through them 
charged with foreign Corpuſcles, which con- 
tribute very much to cauſe an Alteration in 
more groſs Bodieeee. ner ct 
3. The Particles of the compreſſed Air be- 
ing interwoyen' with one another, and ſtraitly 
united, afford leſs Acceſs to the ſubtile Matter, 
and the ſubtile Matter makes itfelf new Paſſa- 
ges with greater Difficulty. Hence the Spring 


r Hiſt. de P Acad. 1695. p. 368. * Sce CouvkxsAT. XXIII. 
Vo I. I. K of 
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of the Air ought to be preſerved a longer Time. 
It is actually preſerved a longer Time, and af. 
ter 16 Vears Compreſſion in a kind of Fuſee, 
it is {till found in a Condition to drive out a 
Ball with Violence, and convey Death to 30 
Paces Diſtance. | 
Eud. When one knows thus far the Proper- 
ties of Elaſticity, one knows the ſecret Princi- 
ple which animates a Watch, if ] may ſpeak ſo. 
Ariſt. This ſecret Principle is the Spring of 
a thin Plate of Steel rolled up upon itſelf in 
the Form of a ſpiral Line, and incloſed in the 
Barrel of the Watch. This Plate has une- 
qual Pores. Thoſe of the concave Surface are 
leſs, as in the bent Bow. Thoſe of the con- 
vex Surface are bigger. The ſubtile Matter 
which runs eaſily in the bigger Pores, meeting 
with Obſtacles in the leſs, daſhes againſt and 
ſtrikes them, by its repeated Blows opens 2 
Paſſage for itſelf, and accelerates its Motion. 
This redoubled Motion ſeparates the oppoſite 
Parts of the Pores, and dilates them, and thus 
gradually the Plate of Steel is unwound. The 
Effort of the Matter which endeavours to flow 
in a right Line, according to the ſecond Rule, 
from one Extremity of the Plate to another, 


aſſiſts the Explication. The ſmall Chain, which 
penetrates into the Barrel, receives its Motion 
from the Spring that is unfolded, and commu- 
nicates it to the Wheels of the Watch. The 
Hand of the Watch, which is fixed to the Ax- 
le- tree of the Wheel that moves moſt ſlowly, 


goes 
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goes about alſo after an imperceptible Man- 
ner, and by its inſenſible Motion, marks out 
the divers Moments of that Life, which paſ- 
ſes away as imperceptibly as the Motion of the 

Hand itſelf. 
Eud. I am delighted to fee you diſcover 

how Nature produces the aſtoniſhing Effects 
of Elaſticity. But let us at laſt ſay ſomething 
of the Softneſs of Bodies. 

Ariſt. I always find a new Pleaſure in hear- 
ing you upon a new Subject. 

Eud. They call ſoft Bodies, Bodies which 
are eaſily compreſſed without endeavouring, at 
leaſt in a viſible Manner, to reſume their for- 
mer Figure. What then is the Softneſs of Bo- 
dies? The Facility which their Parts have to 
be looſed from, and to move upon one an- 
other, without any ſenſible Effort to reſtore 
themſelves to their-former Situation, Whence 
finally proceeds this Facility, this particular 
Diſpoſition ? From the poliſhed Surface of the 
inſenſible Parts, and from the Action of the 
ſubtile Matter, which running through a 
Thouſand and Thouſand Places in the ſoft Bo- 
dies, moves, agitates and ſhake their Parts, ſo 
that the moved, ſhaken and agitated Parts 
which are attached to one another by very 
ſmall Surfaces, can be broken, looſed, and 
ſlide upon one another; without any Thing 
obliging them to reſume their former Situati- 
on; becauſe if the ſubtile Matter find ſome 
Paſſages ſtopped, it finds others free, or makes 

K 2 itſelf 
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itſelf ſome new ones without any Obſtruction. 
Hence ſoft Wax immediately aſſumes under 
the Hand, and retains indifferently all Sorts of 
Figures; and you may ſee the Figures of Ty. 
gers and Lions upon Confections equally ſweet, 
ſoft and delicious. | 

Let us conclude our Converſation with an 
Experiment. Run two Pins into the two Ex- 
tremities of a Stick about three Foot long, dry 
and as large as your Arm. Place two Glaſſes 
half full of Water upon two Tables of equal 
Height, about three Foot diſtant from one an- 
other. Put the Stick in an horizontal Situati- 
on, ſo that the two Pins may reſt upon the 
Brims of the two Glaſſes. Strike the Middle of 
the Stick violently, and you may ſee it broken 
cleanly notwithſtanding its Bigneſs, without 
breaking the Glaſſes, however brittle they be. 
If the two Extremities of the Stick — up- 
on two Threads hung up perpendicularly, ve 
might ſee the like Effect. Why is the Stick 
broken? 

Ariſt. The Middle of the Stick, the Point 
ſtruck is compreſſed, and immediately receives 
a ſudden Impreſſion of the Blow. It paſſes to 
the Extremities but ſucceſſively, and by a great 
Number of Parts which receive it the one at- 
ter the other, and the one from the other, like 
ſo many elaſtick Bodies ranged upon the ſame 
Line. Hence it is that the Middle, the Point 
{truck yields immediately, and before the reſt: 
And thus the Stick is broken, 

l 
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It is not broken without obſerving punctu- 
ally the Laws of Nature. It takes the moſt 
eaſie Courſe. To avoid breaking, notwith- 
ſtanding the Effort of the Blow, it muſt have 
yielded and deſcended with the ſame Velocity, 
or much the ſame, in all its Length. But in 
order to yield at that Rate, more Force muſt 
have been uſed. It muſt have driven away 
with the ſame Velocity a Maſs of Air as large 
and long as the Stick ; which would have re- 
quired more Force. The Force ought to in- 
creaſe in Proportion, when a | rang Maſs is 
to be moved with the ſame Velocity. 

Eud. But why are not the Glaſſes broken ? 
Why do not the two Threads that are ſuſpend- 
ed break aſunder ? 

Ariſt. When the violent, but ſucceſſive Im- 
preſſion reaches the two Extremities of the 
Stick, they are elevated both the one and the 
other, in Proportion as the Middle yields and 
deſcends in the Fracture; and this Elevation 
removes from the Glaſſes or ſuſpended Threads 
that Impreſſion which might break in Pieces 
the one, and break aſunder the other. 
Eud. All Bodies, hard, elaſtic and ſoft, of- 

ten ſtrike againſt one another; and in this they 
always obſerve ſome particular Rules, which 
well deſerve a particular Converſation. 
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CONVERSATION X. 


Upon the Rules of the Percuſſion of hard 
Bodiès. 


CONVERSATION X. 


me underſtand thoſe Laws of Na- 
ture, ſo exactly obſerved in the Percuſſion of 
Bodies, 

Eud. In order to diſcover and conceive thoſe 
Laws or Rules the more eaſily: 

I. Let.us ſuppoſe that hard Bodies are per- 
fectly hard, elaſtick Bodies perfectly elaſtick, 
and ſoft Bodies perfectly ſoft. I call perfect 
hard Bodies, Bodies incapable of changing Fi- 
gure by a Stroke. I call thoſe perfectly ela- 
ſtick Bodies, in which the Force of . 
ing is equal to that of bending. By perfect i 
ſoft Bodies I underſtand, Bodies which are 
flatted by the Stroke without reſtoring them- 
ſelves in any Manner, 

2. Let us examine the Stroke of two Bodies 
of the ſame Species, of two ivory Billiard- 
Balls. Let us ſuppoſe that the Stroke of thoſe 
two Bodies happens directly, and in a free 
Medium, or ſuch as gives no Obſtacle to their 

Motion, 


Arift. P RAY, Eudoxus, endeavour to make 
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Motion, and which takes nothing from their 
Force. RET: 
3. Let us take Notice that in the Stroke the 
Force of Percuſſion anſwers to the Reſiſtance; 
fince a Body moved has no Liberty, no Aim, 
and the Queſtion is about its making Way for 
icſelf to continue in Motion according to the 
ſame Direction. . 

4. Laſtly let us conſider the Stroke of Bo- 
dies in three different Caſes; 1. When a Body 
moved ſtrikes againſt a Body in Reſt. 2. When 
a Body that has more Velocity overtakes a 


' flower Body that goes before it. 3. When 


two Bodies meet one another with oppoſite 
Forces equal or unequal. 

Ariſt. What ought to happen in thoſe three 
Caſes, to hard, elaſtick, and ſoft Bodies ? 
Eud. Let us ſpeak firſt of the Stroke of hard 
Bodies, 


Rur E I. 


If a Body in Motion firike another at Reſt, it 
puts it into Motion. 


The Body ſtruck is moved after the Stroke, 
or elſe reſiſts the Force which ſtrikes it: But 
it does not reſiſt this Force neither of itſelf, 
ſince of itſelf it has no Efficacy, and is in an 
entire Indifferency as to Motion or Reſt; nor 
by any Property of Reſt, fince Reſt which is 
not ſuſceptible of more or leſs is incapable of 

K 4 refiſt- 
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reſiſting Motion, whoſe Velocity is ſuſceptible 5 Zuck 


of Degrees multiplied in infinitum: Conſe. Wi Stro 
quently the Body ſtruck is moved after the whi 
Stroxe. Therefore a Body moved, which 
ſtrikes another in Reſt, puts it into Motion. 


RU LE II. 


A Body in Motion, which moves another at Reſt, 
imparts to it of its Force in Proportion to 


the two Maſſes. f 
A Body moved, which ſtrikes a Body in f 
Reſt, imparts to it ſo much of its Force pre- 
ciſely as is neceſſary to remove the Obſtacle | 
which proceeds from the Impenetrability of * 
the Body ſtruck, and in vain would it impart Be 
more or leſs, Now to remove this Obſtacle Ex 
there muſt be imparted, and it is ſufficient to Q 
impart a Force to the Body at Reſt, in Propor- M 
tion to the two Maſſes. Then the equal and fo 
determinate Parts of the two Bodies, having T9 
equal Forces, ought to go both together with as 
the ſame Direction and with equal Velocities, * 
without the one ſtaying or retarding the Mati- be 
on of the other. Therefore a Body moved, 4 
which moves a Body in Reſt, imparts a Force f 


to it in Proportion to the two Maſſes. 

In a Word, ſeparate the two Bodies into e- 
qual Parts, and divide the Motion into as ma- 
ny equal Parts; then impart to the equal Parts 

of the two Bodies equal Quantities of Motion 1 | 
: Suc 


0 


_ 
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: guch is the Diſtribution of Motion in the 


Stroke of a Body in Reſt. Hence if the Body 
which ſtrikes it is equal in Maſs, it imparts 
one half of its Force. Is it ſubduple? It im- 
parts two Thirds. Is it double? It imparts one 
Thins 06-0128; | x 


-Rvoriz 


If a Body which has more Velocity, firike an- 


other that goes before it, it will diſtribute its 
Exceſs in Proportion to the two Maſſes; and 
after the Stroke they will both go together with 
the ſame Velocity. | 


If the firſt impinged againſt the ſecond in 
Reſt, with a Quantity of Motion equal to its 
Exceſs of Velocity, it would diſtribute this 
Quantity of Motion in Proportion to the two 
Maſſes by the ſecond Rule. But this is as if it 
found it in Reſt with a Quantity of Motion e- 
qual to its Exceſs of Velocity: For there is 
no Regard to be had in the Stroke to the com- 
mon Velocity, or that which is found alike in 
both Bodies. It is nothing in Regard of the 
Percuſſion, becauſe it is ſo far from contribu- 
ting towards it, that it ſnatches away one Body 
from the Stroke of another: Therefore, Sc. 
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Nor NV. 


' If tuo Bodies firike one another with contr 
and equal Forces, what will happen? They 
will be reſiected with the ſame Forces. 


They muſt be reflected after this Manner, 
or they muſt loſe their Forces in the Stroke; 
in ſhort, they will not go forward, fince ha- 
ving oppoſite and equal Forces, they can nei- 
ther overcome nor yield: Now they will not 
loſe their Force by the fourth general Rule, 
ſince they will communicate none of it: To 
communicate it, is to prevail; and neither the 
one nor che other will be victorious. There- 
fore they will be reflected with the ſame 
Forces. 


Rur V. 


F two Bodies ſtrike one another with contrary 
Directions and unequal Forces, they will go 
after the Stroke toward the ſame Piace, ac- 
cording. to the Direction of the ſtronger. 


The ſtronger will continue to move in the 
fame Direction, ſince being ſtronger it ought 
to prevail, and if it communicate of its Ex- 
ceſs of Force, it will only diſtribute it in Pro- 
portion to the two Maſſes to remove all Ob- 
ſtacles to its Direction. The weaker will re- 


turn 


— 
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turn back again. In a Word, it ought to go 
forward, or reſt, or be reflected. It will not 
go forward; for being the weaker, it cannot 
overcome the ſtronger, which oppoſes to it its 
Impenetrability. It will not reſt, fince by the 
fame Reaſon it will communicate nothing, and 
conſequently will loſe nothing of its Force. 
Therefore it muſt return back. Now the 
ſtronger cannot move with the ſame Direction, 
and the weaker be reflected after the Stroke, 
bur that they muſt both go toward the ſame 
Place, following the Direction of the ſtronger : 
Therefore, &c, Ko 

Ariſt. But if the weaker have preciſely fo 
much Velocity before the Stroke as the ſtrong- 
er has, what ought to happen? 

Eud. The weaker ought to be reflected with 
the ſame Velocity preciſely, ſince it is ſuffioi- 
ent and neceſſary for removing all Obſtacle to 
the Motion of the ſtronger, 

Ariſt. What if the Velocity of the weaker 

do not equal the Velocity of the ſtronger be- 
fore the Stroke ? | 
Eud. The weaker will have more Velocity 
after the Stroke, than it had before it; It muſt 
have art leaſt as much as the ſtronger, that ir 
may go before it; otherwiſe it would reſiſt by 
its impenetrability, and would be the weaker 
without being ſo. 

Ariſt. But finally, what if the weaker have 
more Velocity before the Stroke ? 


Eud. 
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Eud. It will preſerve the ſame Exceſs after 
the Stroke; for being the weaker, it will im. 
part nothing of its Force. 

Alriſt. Theſe Rules, Eudoxus, are clear and 
plauſible, and I ſeem to underſtand them. 
Let us ſuppoſe that a Body moved ſtrikes x 
Body at reſt; the firſt I call B, and and the ſe- 
— C. B being equal, if it has 2 Degrees 
of Motion, it communicates 1. B being dou- 
ble, if it has 3, it gives away 1. B being 
Subduple, if it has 3, it imparts 2. 

Let us now ſuppoſe that B overtakes C, 
which goes before it. If B being equal haz 
3 Degrees of Motion, and C 1, B will com- 
municate 1. If B being double has 5, and ( 
1, B will communicate 1. If B being Sub- 
duple has 5, and C 1, B will give away 3. 
Laſtly let us ſuppoſe that both B and C im- 
pinge againſt one another. If B and C have 
each 6 Degrees of Motion, they will be re- 
flected each with 6 Degrees. If B being equal 
has 4, and C2, B will communicate 1, and 
C will return back with 3. If B being dou- 
ble has 4, and C 2, B will preſerve its 4, and 
C ought to be reflected with 2. If B being 
double has 10, and C 2, B will impart 2, and 
C ought to return with 4. Has B 4 Degrees 
of Maſs and 1 of Velocity, C 1 Degree of 
Maſs and 2 of Velocity? C ought to be re- 
flected with its 2 Degrees of Velocity; ſince be- 
ing the weaker, notwithſtanding its Exceſs 
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of Velocity, it can communicate nothing of 
its Force. 

Eud, Let us come to the Rules of Percuſſi- 
on of elaſtic Bodies, or rather, Ariſtus, do you 
go and divert your ſelf by playing at Billiards 
with Eugene. You will play like a Philoſo- 
pher; and the Reflections which you will 
make upon the Stroke of the two Balls, will 
afford you ſome Light into what we have to 


lay. 


ConNVERSATION XI. 


Upon the Percuſſion of elaſtic Bodies. 


Ariſt. AMING itſelf may be a Leſſon. 
The Stroke of the two Billiard- 
Balls preſents to the Eye of a Philoſopher, who 
ſearches after Truth even in his Sports, Won- 
ders which doubly increaſe the Deſire I have 
to hear you upon the Percuſſion of elaſtic 


Bodies. 


|| We know no Bodies perfectly elaſtick; in different Bodies, 
the Force by which the Parts return to their former Figure is very 
unequal; for which Reaſon we can give general Rules only con- 
cerning perfect Elaſticity; the nearer Bodies approach to this Ela- 
ucity, the more exactſy will their Motion agree with theſe Rules. 


Eud. 


1 
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Eud. Let us begin with ſome Obſervations, 
| 1. Elaſticity is the Force which makes 3 
| Body changed as to its Figure, reſume it as of 
itſelf. In order to reſume it there muſt be 3 
Force equal to that which changed it. There. 
fore the Force by which an elaſtic Body is re- 
ſtored, is equal to that which changed, flatted, 
or preſſed it in. 

2. When an elaſtic Body reſtores itſelf, it 
repels with all its Force the Body which ſtruck 
it. Therefore it thruſts it back with a Force 
equal to that which ſtruck it; therefore it en- 
deavours to reſtore it its former Velocity, but 
with an oppoſite Direction. 

3. Here I diſtinguiſh two Forces, or two 
Motions, the one direct, the other elaſtic. 1 
call the dire& Motion, that by which an ela- 
ſtic Body ſtrikes another at firſt. I call the 
elaſtic Motion, that which proceeds from the 
Spring, and by which a Body flatted in the 

Stroke reſumes the Figure which it loſt. 
4. In two Bodies, which are reſtored after 
the Stroke, the two elaſtic Motions being 
contrary, they are reflected by one another to- 
ward oppoſite Parts. For which Reaſon in a 
Body, which ſtrikes and communicates its di- 
rect Motion, the elaſtic Motion is contrary to 
the direct Motion, which this Body preſerves; 
in the Body ſtruck, which receives direct Mo- 
tion from the other, the elaſtic Motion favours 
the direct Motion, 


Finally, 


On the Percuſſion, 8c. of Bodies, 143 


Finally, let us give two Balls, two elaſtic 
Bodies, the Names of B and C. Theſe Names 
expreſs nothing uſeleſs, and yet are as ſignifi- 
cant as the moſt harmonious and comprehen- 
five Names. 


RuLE I. 


B ftrikes C equal and at reſt: What happens? 
In this Hypothefis, C being. ftruck, is moved 

in its Turn with as much Force as B bad be- 
fore the Stroke, and B reſts. | 


1. C being ſtruck moves with as much 
Force, as B had before the Stroke. C cannot 
receive from B the half of its direct Motion, 
being doubled by the Power of the Spring, 
without moving with as much Force as B had 
before the Stroke. Now C being equal and at 
Reſt, receives from B the half of its direct 
Motion, in order to remove all Obſtacle, by 
the ſecond Rule of hard Bodies; and this half 
of the Motion is doubled by the Force of the 
Spring, ſince the elaſtic Motion anſwers to the 
Compreſſion, the Compreſſion to the Percuſſi- 
on, and the Percuſſion to the direct Motion 
communicated in the Stroke, and the elaſtic 
Motion in the Body ſtruck, ſeconds the direct 
Motion. Therefore, &c. 

2. B reſts after the Stroke. A Body which 
unites two equal and contrary Forces is ſtopt 
and reſts, becauſe gt cannot comply with both, 
nor yield to the one rather than the * 

an 


ous to the Eye. 
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and becauſe thoſe two Forces ate loſt in the 
imperceptible Parts, or are inſenſibly diffuſe 
into the Air. Now B reunites two equal and 
contrary Forces, flamely, the half of the di. 
rect Force, and an equal and oppoſite elafſtig 
Force: For the elaſtic Force of the Body which 
ſtrikes, is reflected by the elaſtic Force of the 
other, with a Direction contrary to that of the 
direct Force. Therefore B reſts after the 
Stroke, fo that the Truth of the Rule is obvi- 


Ariſt. Conſequently if B is moved before 
the Stroke with fix Degrees of Force, C will 
have ſix after the Stroke, three of the direct 
Force, and three of the elaſtic Force; and B 
in its Turn will remain without Motion. 


I think I apprehend in this Principle, Eu- 


aoxus, the Reaſon of a pretty ſingular Fact. 

Upon a Plane, and upon a ſtrait Line, I range to 
five or fix Balls equal and contiguous : One ry: 
Ball, which fingly ſtrikes the firſt of theſe T 
ranged Balls, makes the laſt preciſely to move on 2 
away. If two Balls which touch one another, Forc 
go together to ſtrike the firſt, you may fee cue 
the two laſt move away. Three of them cont 


make three to move away, Sc. Why? The agai 
Ball, which goes alone to ſtrike the firſt of the is I 


ranged Falls, beſtows on it the half of its give 
Force doubled by the Efficacy of the Spring, and 
loſes the reſt by the Oppoſition of its own mor 
elaſtic Force reflected by the Action of the ſwer 
Spring of the Ball that is ſtrück, and ceaſes to Y 


move, 
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move; after the ſame Manner as B which 
ſtrikes C equal, and at Reſt. The firſt Ball 
being ſtruck, ſtrikes the ſecond after the fame 
Manner, and alſo loſes its Force, Sc. The 
laſt alone, which meets with no Ball in its 
Way, receives the whole Impreſſion without 
W communicating or loſing it, and moves away 
alone. When two go to ſtrike, their Impreſ- 
ſions are ſucceſſive. At firſt the Action of the 
former paſſes as far as the laſt of the ranged 
Balls; and makes it run off; the Action of the 
other immediately follows, and makes the laſt 
but one pals off to accompany the laſt, &c. 


Rur E II. 
Eud. If B being greater ſtrike C that is 27 
and at Reſt, they will both go after the Stroke 
toward the ſame Place: 


They will go, I fay, with the fame Directi- 
on after the Stroke, if B preſerves its direct 
Force; but B, no doubt, will preſerve it. Tis 
true it will loſe what paſſes into C, and the 
contrary elaſtic Force ought to deſtroy as much 
again: But as it will not give to C the half of 
its Force being greater than C, but will only 
give preciſely in Proportion to the two Maſſes, 
and as the Force of the Spring will deſtroy no 
more of it than is communicated, ſince it an- 
ſwers to the Force communicated; it ought to 

Vor. I. = L reſerve 
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reſerve to itſelf ſome Degrees in order to fol- 0 
low the Traces of C. ] 
B being double, e. g. ſtrikes, with a Force gre 
of fix Degrees, C being Subduple and ar Reſt; - 
what will happen? at 
Ariſt. According to your Principle B will Pre 
impart two Degrees of Force to C; theſe two Mc 

Degrees will be doubled by the Force of its bac 

Spring; B which will loſe theſe two Degrees, De 

ought moreover to loſe other two by the con- pol 

trary Force of its Spring: Therefore B and tan 

C will go toward the ſame Place, B with two of 

Degrees, and C with four. wit 

RU LE III. 

Eud. B goes from the Weſt to ſtrite C, being Eu 
greater and at Reſt; what happens? B it / 
thruſt back toward the Weſt. | 
It muſt be thruſt back toward the Weſt, if 

its elaſtic Force be ſtronger than the direct 

Force which remains to it: But its elaſtic | 

Force is ſtronger. For the elaſtic Force an- the 

ſwers to the Motion communicated in the CIT) 

Stroke, and this Motion exceeds that which Str 

remains in B. B being the leſs ought to com- cor 

municate more than a half of its Force, ſince pal 
it communicates of it in Proportion to the two | 

Maſſes. Therefore if B go to ſtrike C, being © 

greater and at Reſt, it ought to be reflected. Ve 


Let 
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Let us ſuppoſe Ba Subduple; it has fix De- 
grees of Force, and goes to ſtrike C. 

Ariſt. B will recoil with two Degrees. For 
at firſt it will impart four according to the 
Proportion of the Maſſes: Conſequently the 
Motion of the Spring, which tends to drive it 
back, will be of four Degrees. Of thoſe four 
Degrees two will be deſtroyed by the two op- 
poſite Degrees of direct Motion, which it re- 
tains. There will remain in B two Degrees 


of elaſtic Force: Therefore it ought to return 
wich two Degrees. 


RU LE IV. 


Eud. If C go before, and B being equal, but 
having more Velocity meet with it, they will 
both continue to go forward with the ſame 


Direction, but will make an Exchange of Ve- 
locity. | 


1. They will continue to go forward; for 
they will loſe nothing of their common Velo- 
city, ſince it is no Way employed in the 
Stroke. If B and C have each two Degrees of 
common Velocity, the two Degrees of C will 
paſs into two Degrees of B. 

2. They will make an Exchange of Veloci- 
ty, if after the Stroke B only retains its com- 
mon. Velocity, and C have, beſide its common 
Velocity, a Velocity equal to the Exceſs which 
was found in B before the Stroke; Now, 1. 

L 2 B will 
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B will only preſerve its common Velocity; for 
it will give an half of its Exceſs of Velocity 
to remove the Obſtacle of Impenetrability, and 
will loſe the other half by the contrary Force 
of its Spring. 2. C, beſide its common Velo. 
city, ought to have a Velocity equal to the Ex- 
ceſs which was found in B before the Stroke, 
ſince it will receive the half of this Excei 
doubled by the Force of its Spring. 'There- 
fore, if C, &c. | 
This being granted; if C precede with four 
Degrees of Velocity, and B follow with 12 De- 
grees, what will happen ? 

Ariſt. B will immediately communicate four 
Degrees to C, in order to remove the Obſtacle 
of linpenetrability, and theſe four Degrees will 
be doubled by the Spring. Conſequently C, 
which according to the Propoſition had four 
before the Stroke, will have 12 after the 
Stroke. Of the eight which remain to B, at- 
ter it has given away four, it will loſe four de- 
ſtroyed by the contrary Force of its Spring, 
Therefore B, which had 12 before the Stroke, 
will retain but four; and C, which had only four, 
will have 12 after the Stroke: Therefore they 
will continue to move with the fame Directi- 
on, but with an Exchange of Velocity. 


RuLE 
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RULE V. 


Eud. If B and C ftrite one another with con- 
trary Directions and equal Forces, they will 
be repelled with the ſame Forces, 


5 CD . . 


They will be thruſt back and reflected with 
the ſame Forces, if the Efficacy of the Spring 
reſtore. them, after the Stroke, the Forces 
which they ſhall have loſt in the Stroke by the 
Compreſſion; for they will not move forward 
after the Stroke, ſince they are impenetrable, 
and one cannot overcome: the other, having 
preciſely equal Forces. But the Efficacy of 
the Spring will reſtore them the Forces which 
they ſhall loſe by the Compreſſion in the 
Stroke, ſince this Efficacy anſwers to the Com- 
preſſion, as the Compreſiion anſwers to the 
Force employed and communicated in the 
Stroke. Therefore if B and C ſtrike one another 
with contrary Directions and equal Forces, 
they will recoil with the ſame Forces. | 


RLE VI. 


JVB and C having equal Maſſes firike againſt 
one another with unequal Forces, they will 
return interchanging their Forces, 


For 1. They will loſe their common Forces 
in the Stroke by the Compreſſion or flatting; 
L 3 but 
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but the Spring ought to reſtore them with 
contrary Directions. 2. The ſtronger will give 
the half of its Exceſs to the weaker, in which 
the Force of the Spring will double it, while 
it will deſtroy the other half in the ftronger, 
Therefore if B and C, &c. 

Let B come with fix Degrees of Force, and 
C with two, 

Ariſt. C ought to be reflected with fix De- 
grees, and B with two; for they will loſe by 
the Stroke, each two Degrees of common 
Force; but the Spring will reſtore them with 
contrary Directions. B will communicate two 
Degrees of the four of its Exceſs. It will loſe 
the other two by the contrary Force of the 
Spring. Conſequently it will have two pre- 
ciſely to return back. Beſide its two Degrees 
of common Force, C will receive two by Com- 
munication, and theſe two will be doubled by 
its Spring: Therefore C ought to return with 
ſix Degrees of Force, and B with two. 

Bur if B and C ſtrike one another with e- 
qual Velocities, having unequal Maſſes ? 

Eud. 1. In this Hypotheſis the leſs will ahvays 
recoil: For being the weaker it will ſtrike 
with all its Force, and will loſe it all in the 
Stroke; but the Spring will reſtore it to it for 
driving it back, Moreover it will ſhare in the 
Exceſs of the ſtronger. Therefore it will al- 


ways recoll, | 
2. The greater will ſometimes ceaſe its Motion, 


It 


G 
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It cannot have, after the Stroke, as much 
direct Force as elaſtic, without reſiſting; two 
internal equal and contrary Forces are null. 
But the greater will ſometimes have, after the 
Stroke, as much direct Force as elaſtic. Let 
us ſuppoſe that B being triple comes with ſix 
Degrees of Velocity, and C with fix. In this 
Hypotheſis B ought to have, after the Stroke, 
a direct Force, and an elaſtic one, equal. For 
B having ſix Degrees of Velocity, and three of 
Maſs, has 18 Degrees of Force, ſince the Force 
is the Product of the Maſs by the Velocity. Of 
the 18 it will loſe fix common, which the 
Spring will reſtore it to make it recoil. Of 
the 12 which remain it will communicate 
three; for being triple it will give it a fourth 
Part of its Force. There remain nine. Of 
theſe nine Degrees it will loſe three, which are 
deſtroyed by the contrary elaſtic Force, which 
anſwers to the Force communicated : There- 
fore it will have fix Degrees of dire& Force, 
and as we ſaid juſt now, ſix Degrees of contra- 
ry elaſtic Force. Therefore the greater will 
ſometimes have as much direct, as elaſtic Force; 
therefore after the Stroke it will unite two e- 
_=_ and contrary Forces; therefore it will reſt 
ometimes. 

3. Sometimes the greater will recoil. 

When the elaſtic Force prevails over the di- 
rect, the Body muſt recoil, fince that is con- 
trary to this. But the elaſtic Force will ſome- 
times prevail, Let us ſuppoſe in B five De- 
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grees of Maſs, and four of Velocity; in ( 
three Degrees of Maſs, and four of Velocity, 
The elaſtic Force will be predominant in B, 
if it retain preciſely ten Degrees of elaſtic 
Force to rebound: But it will preciſely retain 
10 for recoiling. For B having five Degrees 
of Maſs, and four of Velocity, has 20 Degrees 
of Force; C having three Degrees of Maſs and 
four of Velocity, has 12 Degrees of Force 
Therefore B will immediately loſe 12 Degree 
of common Force in the Stroke, ſince by theſe 
12 Degrees it will impinge againſt a contrary 
Force of 12 Degrees; but the Spring will re- 
ſtore them. Of its Exceſs of eight Degrees 
which will remain after the Loſs of 12, it wil 
give three to C, in Proportion to its :Maſs; 
and five remain. The elaſtic Force for recoil- 
ing, anſwers to the Force communicated or 
loſt in the Stroke : Therefore it will be 15 De- 
grees. But Þ retains ſtill five Degrees of di- 
rect Force, which it ought to loſe by deftroy- 
ing five Degrees of the elaſtic: Therefore B 
will retain preciſely 10 Degrees for recoiling, 
Therefore ſometimes the greater will be re- 
flected. . 

4. Sometimes the greater will continue after 
the Stroke to follow the ſame Direction. 

For ſometimes after the Stroke, its direct 
Force will be greater than its elaſtic. Let us 
ſuppoſę in B five Degrees of Maſs, and three 
of Velocity, and in Cone Degree of Maſs and 
three of Velocity: B will retain five Degrees 
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of effectual Force for advancing. In ſhort, 
B having five Degrees of Maſs and three of 
Velocity, it has 15 Degrees of Force; C ha- 
ving one Degree of Maſs and three of Veloci- 
ty, it has three Degrees of Force. Of the 15 
Degrees of direct Force B will immediately 
loſe three by the encountering of the three De- 
grees of C, but which will be reſtored to it; 
of the 12 remaining it will- give two to C; 
for being quintuple it will communicate the 
fixth Part of its Pxceſs: Io remain. Of theſe 
10 it will loſe five by the contrary Force of 
Elaſticity,- fince it anſwers to the Force de- 
ſtroyed or communicated: Therefore it will 
retain five in order to move forwards, 

Therefore if Band C ſtrike one another with 
equal Velocities, having unequal Maſſes, the 
leſs will always rebound: Sometimes the great- 
er will reſt; ſometimes it will recoil; and 
ſometimes it will continue to follow the ſame 
Direction after the Stroke. 2 

By the Help of theſe Lights one may enter 
into a more exact Detail. You will explain to 
me, Ariſtus, at your Leiſure the Rules which 
ought to be obſerved in the Percuſſion of ſoft 
Bodies, | 


CoNVER- 
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Cox vERXSATION XII. 
Dpon the Percuſſion of ſoft Bodies. 


Eud. WV NF ILL you diſcover to me, Ari. 
| tus, thoſe Secrets which Na- 
ture has imparted to you? 
Ariſt. When one comprehends the Rules 
obſerved in the Percuſſion of hard and elaſtic 
Bodies, it is eaſie to underſtand thoſe which 
ought to be followed by Bodies that are ſoft, 


' - Rvtsz I. 
If B ftrike C at Reſt, it will give it ſome of its 
Force, in order to make itſelf a free Paſſage. 


Since C will not reſiſt either by itſelf, being 
way indifferent to Motion or Reſt; nor by its 


Reſt makes no Reſiſtance to Motion, by 


the firſt Rule of hard Bodies. 


RuLE 


2 228 
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Rur E II. 


B ought to impart Motion to C at Reſt, in Pro- 
portion to the two Maſſes. 


For, in a Word, it will impart preciſely fo 
much as is neceſſary to make itſelf a free Paſ- 
ſage, if it communicate neither more nor leſs, 
it muſt impart it in Proportion to the two 
Maſſes ; the half if C is equal; the third Part, 
if it is Subduple; and two thirds, if it is dou- 
ble: Then will they go with the ſame Veloci- 
ty, without any Obſtacle. Therefore, &c. 


RuLE III. 


If B overtakes C, which goes before, B will di- 
vide the Exceſs of its Force with C in Pro- 
portion to their Maſſes. 


In ſhort, by this Exceſs B ought to ſtrike C, 
as if it were at Reſt: No Regard muſt be had 
in the Stroke, to the common Motion of the 
two Bodies. By this Motion the one Bod 
runs from the other; this Motion is uſeleſs w1 
Regard to the Stroke: Now if B found C at 
Reſt with its Exceſs of Force, it would com- 
municate it in Proportion to the two Maſſes: 


Therefore if B overtake C, which goes be- 
fore, &c, 


RuLtz 
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RvuLe IV. 


VB and C firike one another with equal Force, 
they will remain at Reſt after the Stroke, 


They muſt ſtop if they loſe their Forces in 
the Stroke, without having them reſtored by 
any Thing; but 1. They will loſe their Force 
like elaſtic Bodies. They will paſs into the 
inſenſible Parts; ſince the inſenſible Parts wil 
ſtrike, break, reflect, and give one another a 
Thouſand different Directions in Proportion to 
their Texture, and the common Forces of the 
two Bodies. 2. Nothing will reſtore them 
their common Forces, ſince they have no Ela. 


ſticity: Therefore, &c. 


RuLE V. 


1f B and C ſfirike one another with unequa! 
| Forces. | 


They will loſe their common Motion it 
will become proper to the imperceptible Parts 
by the fourth Rule: But the {ſtronger will di- 

vide its Exceſs of Force with the weaker in 
Proportion to the two Maſſes, ſince by this 
Exceſs it will ſtrike the weaker, as if it found 

. ä 
Eud. I look upon the Rule, which we 
have been diſcourſing of, as a Principle of a 
Thouſand and a Thouſand divers Effects in 
Nature, 
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Nature. Nevertheleſs it muſt be granted, A 
riſtus, that among ſenſible Bodies there are 
none probably that are either perfectly hard, 
or entirely elaſtic, or abſolutely ſoft; but they 
ought to follow the Rules juſt laid down, 
more or leſe, 2 in Proportion as they ap- 
proach more or leſs to Bodies perfectly hard, 
elaſtic, or ſoft. 

Let us at laſt ſee the Uſe of Motion and its 
Effects in the different Species of Bodies, which 
compoſe the Univerſe. But let us begin with 
forming ſome general Idea of the Univerſe it- 
ſelf, by conſidering the Sphere which Art pre- 
ſents to our Eyes. 


CoNVE R= 
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Upon the Sphere. 


Eud. E have not, Ariſtus, (either you 
or I) Eyes piercing enough to 
penetrate ſo far as the Surface of the World; 
we don't ſee the external Figure of it : Bur if 
we judge of it by the common Perſuaſion, and 
by what is offered to our Senſes, when the 
Weather is ſerene, and the Heaven ſparkle 
with Stars, the World is round: It is a Sphere, 
Ariſt. One may diſtinguiſh in the Sphere of 
the Heavens, as one does in an artificial ce- 
leſtial Sphere, different Parts, an Axis, two 
Poles, fix large Circles ; the Zenith, the Na- 
dir, four Cardinal Points, the two Points of 
the Equinoxes, the two Points of the Solſtices, 
four ſmall Circles, and five Zones. 

Eud. You ſeem to have, Ariſtus, a juſt Idea 
of the different Parts of the artificial celeſtial 
Sphere, Fig. 14. | 

Ariſt. 1. The Axis of the Sphere is the 
Line that paſſes thro' the Center of the Earth 
V eſteemed as the Center of the Sphere, or 
the Diameter (a ù c) upon which the Sphere 


turns. 
2, The 
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2. The two Poles (a, c) of the Sphere, are 
the two Extremities of the Axis. 

3. The fix large Circles have for their Cen- 
ter, the Center of the Sphere. Theſe Circles 
are, the Horizon, the Meridian, the Equator, 
the Zodiack, the Colure of the Equinoxes, and 
the Colure of the Solſtices. Every Circle con- 
tains 360 Parts or Degrees. An Arc of go 
Degrees, comprehended betwixt two Lines, 
diverging and united in a Point, is the Mea- 
ſure of a right Angle: A leſs Arc, of an acute 
Angle ; and a greater Arc, of an obtuſe. 

The Horizon (d) is a Circle which divides 
the Sphere into two halves of a Sphere, or 
into two Hemiſpheres, the one ſuperior, in the 
middle of which we are, and which we ſee; 
the other inferior, and which we ſee not. 

The Horizon has its two Poles, as well as 
the other Circles. 'The Poles of a Circle are 
the oppoſite Points, equally diſtant from all 
the Points of the Circle. The Poles of the 
Horizon are called Zenith and Nadir : The Ze- 
nith is over our Head; the Nadir is the Point 
diametrically oppoſite. Hence every one has 
his Horizon, Zenith and Nadir; and when- 
ever he moves, he changes Horizon, Zenith, 
and Nadir. 

Four Points of the Horizon are the four 
Cardinal Points, the Eaſt, Weſt, South, and 
North. The Eaſt is that Point of the Hori- 
zon where the Sun riſes. The Weſt is that 
Point where the Sun ſets, The South, with 


reſpect 
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reſpect to us, is that Point where the Meridian 
cuts the Horizon on the Side of the Sun; and 
the North, the Point oppoſite. 

The Meridian (e) is a Circle, which paſſe 
both thro' the two Poles of the Sphere, and 
thro' the Zenith and Nadir, cutting the Hori. 
zon at right Angles, or without inclining more 

to one Side than the other. 
The Equator (/) is a Circle, which cut; 
the Meridian at right Angles, and which is e. 
qually diſtant in all its Points from the two 

Poles of the Sphere. 15 TG 
The Zodiack (g) is a Circle, which cuts the 
Equator, making with it acute Angles of 23 De- 
grees and a half, or which is 23 Degrees and a 
half diſtant toward the two Poles. It has 16 De- 
grees of Breadth, or thereabouts. Its Breadth 
1s divided into two equal Parts by a circular 
Line (#) which the Sun runs, or ſeems to run 
over in a Year; and this is the Ecliptick. The 
Zodiack has 12 Parts, every one of which has 
30 Degrees, and contains a Conſtellation or 
Sign; that is, a certain Number, a Collection 
of Stars. They call thoſe Signs, going from 
the Weſt toward the Eaſt, Aries, Taurus, Ge- 
mini, Cancer, Leo, Virgo, Libra, Scorpio, Sa- 
gittarius, Capricornus, Aquarius, and Piſces: 
The two Points where the Ecliptick cuts the 
Equator, or Equinoctial Line, are the Points 
of the Equinoxes. When the Sun is in thoſe 
Points, the Length of the Light and Dark- 
neſs is equal. The two Points, where the E- 
I cliptick 
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cliptick is fartheſt diſtant from the Equator 
toward the North and South, are the Points of 
the Solſtices, where the Sun begins to return 
toward the Equator. 

The Colure of the Equinoxes (Y is a Cir- 
cle, which paſſes both thro' the Poles of the 
Sphere, and alſo thro' the Points or Sections of 
che Equinoxes. The Colure of the Solſtices 
© /i) is a Circle, which cuts the other Colure at 

right Angles, paſſing thro' the two Points of 
the Solſtices. 

4. The ſmall Circles of the Sphere are thoſe 
which have not for their Center the Center of 
the Sphere, neither do they divide it into e- 
qual Parts: There are four of them, two Tro- 
pical, and two Polar, all of them parallel to 
the Equator, The two Tropics (% n) are 23 
Degrees and an half diſtant from the Equator, 
the one towards the South, and the other to- 
wards the North. This touches the Zodiac in 
Cancer, and is the Tropic of Cancer, and near- 
eſt to us; the other in Capricorn, is the Tro- 
pic of Capricorn, and fartheſt from us: They 
are called Tropics, becauſe the Sun, whenever 
he touches the one, begins again to draw near- 
er to the other. | 

5. The Polar (u, 0) are Circles 43 Degrees 
diſtant from the Tropics, and 23 and a half 
from the Poles. The Poles of the Zodiac are 
in the Polar Circles. 

6, The Zones are the Spaces contained be- 
twixt the Tropics and Polars. There are five 

Vor, I. M Zones; 


162 CoNVERSATION XIII. 


Zones; the torrid Zone, two temperate Zones, 
and two frigid, The torrid Zone is betwixt 
the two Tropics ; the two temperate Zones are 
betwixt the Tropics and the Polars ; and the 
two frigid Zones are betwixt the Polar and the 
Poles. 

Thus, I think, you have the artificial Sphere 
deſcribed in few Words: But pray, Eudoxus, 
make me ſee with the Eye, if poſſible, where, 
in the Heavens, Aſtronomers place thoſe Cir- 
cles, Points, and Zones. 


Eud. The Seaſon and Weather are favour- 1 
able enough. It is the Equinox, the Heaven Wil reg: 
is ſerene, and the Stars are brillant. Let us go pref 
up upon this Platform, where ſometimes I ob- Pp 
ſerve the Stars. This large Circle, whoſe Cir- tim 
cumference terminates the Sight on all Sides, 

is the ſenſible Horizon, which only differs from 1 
the true one by a Semi-diameter of the Earth, $ 
ſuppoſing the Center of the Earth to be the 

Center of the World. The Point, where we 

ſaw the Sun this Morning riſe toward the lek | 
Hand, above the Horizon, is the Eaſt. The are, 
Point, where this Evening we ſaw the Sun go che 


down toward the right, below the Horizon, is E © 
the Weſt, The horizontal Arc which we faw Na 
on the Side of the Sun, from the riſing to the 
ſetting, let it be divided into two equal Parts: ¶ Fo 
The middle Point is the South. Let us tum Wl dia 
our Eyes toward the Point directly oppoſite, that MW reſ 
is the North. Lift up your Eyes, and you may 
ſee toward the North ſeven Stars very _— W 
1 : ur 


| 
[ 
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four of which are diſpoſed almoſt in the Form 
of an Oblong Square, and the other three in 
Form of the Arc of a Circle, and of a Tail. 
That is the Conſtellation which they call Urſa 
Major, or Charles's Wain. You may ſee at ſome 
Diſtance ſeven other Stars, which make much 
the ſame Figure, but ſhine with leſs Luſtre : 
This is the Leſſer Bear. The laſt Star of the 
Tail is the Polar Star; it is near the Arctic, 
or North Pole. The oppoſite Pole of the Hea- 
ven is the Antarctic, South, or Meridional Pole. 

The firſt is elevated about 49 Degrees in 
regard of Paris, and the other as much de- 
preſs'd below the Horizon. 

Ariſt. Virgil inform'd me of that a long 
time ago. 


Hic Vertex nobis ſemper ſublimis ; at illum 
Sub pedibus Styx atra videt, maneſque pro- 
fundi *, | 


Eud. The Point of the Horizon where we 
are, is the Center of the Circle : The Point of 
the Heaven, the moſt elevated directly over us, 
is our Zenith, the Point directly oppoſite is the 
Nadir. | 

The Circle which paſſes through theſe two 
Points, and thro' the two Poles, is our Meri- 
dian : When the Sun is in it, it is Noon with 
reſpect to us, or the half of the Day. Hence, 
when one goes toward the Eaſt, gr roward the 
Weſt, one changes both Meridian and Zenith. 


Book I. of Georg. 
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The Circle which cuts our Meridian at rig 
Angles, go Degrees diſtant from the Pole which 
you ſee, the Circle diſtant from the Pole g 
Degrees in all its Points; the Circle, in a Word 
which the Sun deſcribes by his daily Motion x 
preſent, the 2 1ſt of March, the Day of the E. 
quinox, is the Equator, or Equinoctial Line. 
The Moon cuts the Equator, making acute 
Angles with it on both Sides; and the Circk 
which it deſcribes every Month, going oblique- 
ly, but very ſenſibly, from the Weſt toward 
the Eaſt, is in the Zodiac. The Planets, Mer. 
cury, Venus, Mars, Fupiter, Saturn, thoſe Spe- 
cies of Stars which we ſee ſhine without ary 
ſparkling, while others ſend forth Rays on al 
Sides, are alſo in the Zodiac. The Planets 
make their Revolutions in the Zodiac, and ac- 
cording to Tycho, a famous Aſtronomer in thi 
Order, Fig. 15. the Earth in the Center of the 
World, round about the Earth the Moon, the 
Sun carrying along with it Mercury and Venus 
and round about it Mars, Jupiter and Saturn, 
The Planets make their Revolutions in the Zo- 
diac round about the Sun, according to Coper- 
nicus, another famous Aſtronomer, and in this 
Order, Fig. 16. the Sun in the Center of the 
World, Mercury, Venus; the Earth with the 
Moon, Mars, Fupiter, and Saturn, We ſhall 
ſee one Day what we ought to think of the di- 
tuation of the Sun and Earth. However that 
be, the Moon has its different Phaſes in the 
Zodiac. It is there new, or in Conjunction, 


when it is betwixt the Sun and the Earth; Full, 
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or in oſition, when it is 180 Degrees di- 
ſtant 4 the Sun, or when the Earch is be- 
twixt it and the Sun. It is in its Quadratures 
or Quarters, when it is three Signs or 90 De- 
grees diſtant from the Sun. Finally, the Ec- 
ſiptick cuts the Equator in the Point where 
the Sun is on the Day of the Equinox. 

Call to Mind the Point of the Horizon where 
you ſaw the Sun ſet this Day the 21* of 
March. Look toward the Eaſt, and fee the 
oppoſite Point af the Horizon. The Circle 
which paſſes through thoſe two Points, and 
chrough the Poles, 1s the Colure of the Equi- 
noxes; and the Circle which cuts it at right 
Angles is the Colure of the Solſtices. | 

The Circle parallel ro the Equator, but 
nearer to us by 23 Degrees and an half, is the 
Tropic of Cancer. The Circle parallel to the 
Equator, but 23 Degrees and a half farther 
diſtaht from us, is the Tropic of Capricorn. 
Look toward the North Pole. The Circle 23 
Degrees and a half diſtant from the Pole, is 
the polar Circle. TheCircle 23 Degrees and a 
half diſtant from the other Pole, and which we 
do not ſee, is the other polar Circle. | 

Laſily, the intermediate Spaces are the Zones. 

Ariſt, I have, I think, Eudoxus, a pretty 
clear Idea of the Sphere of the Heavens. 

Eud. They eſteem theEarth itſelf as a Sphere, 
as a Globe. They give to itas to the Heaven, its 
Poles, its Circles, its Points, its Zones, ſo that the 
Poles, Circles, Points and Zones of the Earth, 
anſwer to the Poles, Circles, Points and Zones 
M 3 of 
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of the Heaven. This is what one may fee 
with a Glance of the Eye in a celeſtial Sphere 
bored through, which contains in it a terre- 
ſtrial Globe. The Earth has its Parallels. 
Theſe are Circles parallel to the Equator, Tro- 
pics, and Polars. | 

The Spaces contained betwixt the Parallels 
and Meridians, are Climates. The Meridiang 
are moveable, except the firſt which the French 
fix in the Iſland of Fer, the moſt weſtwardly 
of the Canary Iſlands. Laſtly, the Circles of 
the Sphere have their Uſes. 

Ariſt. And thoſe Uſes are ſufficiently evi- 
dent, after what we have ſaid. | 

1. One ſees the Eaſt and Weſt in the Points 
of the Horizon, where the Sun riſes and ſets; 
and the North and South in the Points of the 
Horizon that are cut by the Meridian, It is 


in the Horizon, that we ſee Night ſucceed 


Day, and Day ſucceed Night. The Horizon 
ſeparates the upper Hemiſphere from the inferi- 
or, the viſible from the inviſible in Regard to us. 

2. The Meridian divides the World into 
two equal Parts, the one Eaſt, the other Weſt. 
Hence, the Sun being in the Meridian, it is 
Mid-day above the Horizon, and Mid-night 
below the Horizon. 'The Meridian ſerves - 
ther to determine the Elevation of the Pole; 
ſince the Arc of the Meridian contained be- 


tween the Pole and the Horizon, 2 the 


Height of the Pole. What is the Longitude 
of any Part of the Earth? It is its Diſtance 
(79 from 
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from the firſt Meridian, reckoning fromWeſt 
to Eaſt. The Latitude is the Diſtance from 
the Equator. There is a North and South 
Latitude. Bath the one and the other is de- 
termined by the Arc of the Meridian, or by 
the Degrees contained betwixt the Equator and 
any Place North or South. 

3. The Equator divides the World into two 
equal Parts, the one South, and the other 
North. In this Circle the Equinoxes happen, 
about the 2 1* of March, and 239 of Septem- 
ber. When the Sun is in this Circle, it is as 
long above the Horizon, as below it. Hence 
the Length of the Day and Night is equal. 
The Equator is moreover the Meaſure of Time, 
ſince the Sun runs over the 360 Degrees of this 
Circle in 24 Hours. What is the Declenſion 
of the Sun and Stars? Their Diſtance from 
the Equator, and the Degrees of the Meridian 
contained betwixt the Equator. and Stars, are 
the Meaſure of their Declenſion. 

4. The Sun, Moon, and Planets make their 
Revolutions in the Zodiack; and the Motion 
of the Sun, according as he approaches or re- 
moves from the divers Climates, ſo that his 
Rays are more or leſs oblique, make the diffe- 
rent Seaſons; the firſt Equinox the 21ſt of 
March, and the Spring, by paſſing in the Space 
of three Months from the Equator to the Tro- 
pic of Cancer, where the Summer Solſtice hap- 

ens the 21* of June, the Summer returning 
through other Signs in three Months from Can- 
M 4 cer 
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cer to the oppoſite Point of the Equator, where 
the ſecond Equinox happens the 23d of $ 

tember; the Autumn, going in three Months 
from the Equator to the Tropick of Capricory, 
when the Winter's Solſtice happens the 215 
of December; and the Winter, returning from 
Capricorn in the Space of three Months, and 
through three other Signs, to the Equator. 

5. One ſees in the Colures, though their Uſe 
does not ſeem very neceſſary, the Points of the 
Equinoxes and Solſtices. 

Finally the ſmall Circles, the Tropicks and 
Polars divide the Earth and the World into five 
Zones. | 

Eud. It is worth while to obſerve farther 
the Poſition of the Sphere; that is the Situati- 
on of the Horizon in Relation to the Equator, 
Hence, there are three different Poſitions of 
the Sphere; one right, the other oblique, and 
the third parallel, Ir is right, when the Ho- 
rizon cuts the Equator at right Angles. Ir is 
oblique, when the Horizon cuts the Equator 
at unequal Angles: It is parallel, if the Hori- 
zon is parallel to the Equator, or confounded 
with it. Thoſe who inhabit under the equi- 
noctial Line have a right Sphere; we have an 


oblique ; and if there are Men under the Poles, 


they have a parallel one, 

Will you tell me, Ariſtus, what Stars aſcend 
above the Horizon, and deſcend below it every 
Day in a right Sphere, or with Reſpect to the 
Inhabitants of the equinoctial Line? 
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Ariſt. The Stars cannot all turn round about 
the Axis and Poles of the World every Day 
withouP aſcending all, or almoſt all, above the 
Horizon, and deſcending below the Horizon 
every Day in a right Sphere, fince in a righe 
Sphere the Horizon paſſes through the Poles. ' 
Now all the Stars turn ſenfibly about the Axis 
and Poles of the World every Day: Therefore 
all, or almoſt all the Stars aſcend above, and de- 
ſcend below the Horizon, every Day in a righe 
Sphere. 

Eud. But in the oblique Sphere, at Paris, 
for Example. | 

Ariſt. Some Stars are there always above 
the Horizon, and others are never there, Let 
us ſuppoſe that the Height of the Pole is 49 
Degrees; all the Stars contained in this Space, 
never deſcend below the Horizon, the Hori- 
zon being 49 Degrees below the Pole. All 
thoſe which are not above 49 Degrees diſtant 
from the oppoſite Pole, never aſcend above 
the Horizon; the Horizon being 49 Degrees 
above this Pole. | 

Eud. But laſtly in a parallel Sphere, under 
the Pole. — 

Ariſt. One ought always to ſee there the 


fame half of the Heaven: For one ought al- 


ways to ſee there the half of the Heaven con- 
tained between the Pole and the Equator, ſince 
the Equator and Horizon is the ſame Thing. 
Now this half of the Heaven is always the ſame; 
— 
7 
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it is moved parallel to the Equator or the Ho- 
rizon, without deſcending: Therefore, Cc. 
Eud. By the ſame Reaſon, in thetparallel 
Sphere, or under the Poles, there is a Day of 
fix Months, and a Night likewiſe of fix 
Months, or thereabouts. For the Day laſts as 
long as the Sun is above the Horizon; and the 
Night as long as the Sun is below it; but in 
the parallel Sphere, the Sun is fix Months a- 
bove the Horizon, and fix Months under it; 
fince it is ſix Months on this Side, and fix on 
the other Side of the Equator, running through 
the Ecliptic in a Year, and fince the Horizon 
is the Equator itſelf. | 

But, Ariſtus, what Method would you take, 
to know what Hour it is in any Countrey ? 

Ariſt. In one Hour the Sun makes 15 De- 
grees of his Circle by his daily Motion over the 
Equator, or parallel to the Equator; from Eaft 
to Weſt. For he runs through the Circle in 
24 Hours, and 24 Times 15 are 360. For 
which Cauſe, if it is Noon in the Meridian of 
Paris, it is an Hour after Noon in the Meri- 
dian 15 Degrees farther Eaſtward: There muſt 
have paſſed an Hour for the Sun's coming from 
that Meridian, to the Meridian of Paris. It 
is only eleven of the Clock in the Place 15 
Degrees more Weſtward; there muſt be an 
Hour for the Sun's paſſing from the Meridian 
of Paris, into the Meridian of that Place. 
Two Hours after it is Noon in a Place 30 De- 


grees more Eaſtward, Sc. 10 of the Clock 2 
| Ne 
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the Morning in a Place 3o Degrees more Weſt- 
ward. This being granted, all I have to do 
is to look upon a terreſtrial Globe for the Dif- 
ferences of Longitude, and knowing what 
Hour it is at Paris, I have the Difference of 
the Hours. I find, for Example, that when it 
is Noon in the Meridian of Paris, an Hour 
after it is Noon at Vienna in Auſtria, paſt 
three at Hiſpahan, ſeven in the Evening 
or thereabouts at Pekin, and Midnight in 
New Zealand: Since Vienna is a Place 15 
Degrees more Weſtward, Hiſpahan 50, Pekin 
110, and New Zealand 180; and becauſe 50 
contains 15 more than three Times, 110 more 
than ſeven Times, and 180 more than 12 
Times. 

Eud. With the ſame Eaſe you will find Pla- 
ces that are Antipodes to one another. 

Ariſt. I need only look in any Meridian for 
two Points 180 Degrees diſtant from one an- 
other. Thoſe two Points are Places that are 
Antipodes ; for in a Word, the antipodal Parts 
of a terreſtrial Globe, are the two Points dia- 
metrically oppoſite. Now two Points of a 
Meridian, 180 Degrees diſtant from one an- 
other, are the Points diametrically oppoſite ; 
fince they are the two Extremities of the Di- 
ameter, which divides a Circle of 360 De- 
grees. 

Eud. Theſe eaſie Perceptions will facilitate 


ſuch as more difficult. I have made a Diſ- 
courſe 


. 
=_ 


| 
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courſe upon the Earth, and the Minerals which 


it contains. 
Ariſt. And this Evening I will return to rar 


your Cloſer, and will not leave you till you 5 þ 

have imparted it to me. K 

ve 

W. 

Be 

3 fe 

CoNxVERSATION XIV. C 

Upon the Earth and Minerals. co 

ca 

Eud. I Promiſed you, Ariſtus, the Diſcourſe gi 

I have made upon the Earth and Mi- C 

nerals; here it is. N 

One may look upon the Earth as a pure al 

Body without Mixture, or as a mix'd Body, | 

whoſe Surface is the Habitation of Men and f ; 

Animals. p 

The Earth, pure and without Mixture *, is E 

a Body, whoſe Parts are ramoſe and very groſs; | 

| ramoſe, I 

; te 

* The Word Zarth among the Naturaliſts denotes the terra « 

queous Globe ; and in Agriculture, ſignifies that compound Mat- : 

ter which ſerves for the Production and Growth of Vegetables ” 

planted therein; but the Chemical Earth differs widely from 4 

them both, as being a perfectiy homogeneous, or ſimple Body, hard, 
Friable, inſoluble in Air or Water, fixed, and incapable of flowing 
in the Fire, but remaining immutable, and retaining its own Form 
and Duantity in them all. We term it a Foſſil, as being exceed- 


ing ſimple or inorganical, without any Diſtinction of Vo or 
uices z 
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ramoſe, for whenever they are joined together, 
it is a Compound which has very much Con- 
ſiſtence, and ſhuts out the Paſſage of Light; 
very groſs, ſince Fire agitates and diſſolves them 
with great Difficulty. ö | 
The Eatth, confidered as a mix'd Body, is a 
Body of a round Figure, or thereabouts, valte, 
fertile, and containing different Beds of Clay 
Chalk, Sand, and divers Minerals. f 
1. The Earth is phyſically round. Every 
conſiderable Portion of =o Surface of the Earth 
cannot be an Arc of a Circle, without the 
Earth be of a round Figure. But every Porti- 
on of the Surface of the Earth is an Arc of a 
Circle. Go from South to North, or from 


North to South: You will fee new Stars ariſe 


above the Horizon. If you advance 15 De- 
grees toward the Eaſt, the Sun riſes an Hour 
ſooner with Reſpect to you. Should you go 
15 Degrees toward the Weſt, the Sun riſes an 
Hour later in Regard of you. When one 


Juices ; and proceeding originally from the common Matter 0" the 
terraqueous Globe; tis called ſimple, becauſe all its Parts appear 
of the ſame Nature with the W hole : We define it hard, becauſe it 
reſiſts the Separation of its Parts; friable, becauſe it may be broke 


into leſs Maſſes, and fixed in. the Fire, becauſe with whatever 


violent Degree of Heat it is every Way ſurrounded, it loſes no- 


thing of its Weight or Bulk, yet without running into Glaſs ; but 


poſſibly the Focus of a large burning Concave, may cauſe ſome 
alteration therein ; though it would loſe conſiderably leſs than any 
other Body in Nature, even Gold itſelf; the moſt violent Fire 
being unable to break the Coheſion of its Parts, which is a very 
uncommon Fax. 'Tis fo ſimple, that though it enters into 
the Compoſition of all other Bodies, yet itſelf can never be re- 
ſolyed into any different Subſtance. Vide Shaw's Chem. 325. 
leaves 
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leaves the Harbour of a Town, ſo as to fail to- 
ward any Place whatever ; one loſes the Sight of 
the Harbour, and then the Walls of the Town, 
and laſt of all the Top of the Towers. Let 
any one at that Inſtant go up upon the Scuttle 
of the Maſt, and he will immediately ſee a- 
gain the Top of the Towers, then the Walls 
of the Town, and laſtly the Harbour. But 
theſe Objects diſappear again, as they did the 
firſt Time. Whence comes it, if not from 
this, that every conſiderable Portion of the 
Surface of the Earth is an Arc, the Middle of 
which being, in ſome Sort, elevated in Regard 
of you, with-holds from your Eyes, when you 
are at one of the Extremities of the Arc, that 
which would not be concealed from you, if 
you were at the other Extremity? In a Word, 
| when the Earth, placed betwixt the Moon and 
the Sun, cauſes an Eclipſe of the Moon, as 
we ſhall mention hereafter, why is the Sha- 
dow formed like an Arch, which is ſpread 
over the Moon? Becauſe the Surface of the 
Earth, which projects this Shadow in Form 
of an Arch, is an Arch itſelf. Therefore the 
Earth is a round Body. 

The Earth, I ſay, is nearly of a round Fi- 
gure. Tis evident that it is not geometrical- 
ly round, ſince one ſees upon its Surface Moun- 
tains whoſe Summits are loſt in the Clouds. 
But the Height of the higheſt Mountains is 
ſmaller in Regard of the Earth, than the 
Height of the ſmall Inequalities on an Orange- 


peel, 
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el, in Regard to the Orange itſelf. The 
Height of a Mountain a League high, is con- 
tained almoſt 3000 Times in the Diameter of 
the Earth ; for the Diameter of the Earth is 
about 2860 Leagues; ſince the Diameter of a 
Sphere is near a third Part of its Circumfe- 
rence, being as ſeven to 22; and the Earth is 
a Sphere whoſe Circumference 1s gooo Leagues, 
as we ſhall ſee by and by. The Height of the 
{ſmall Inequalities of an Orange, is it contained 
ſo many Times in the Diameter of the O- 
range:? 0 1 

Another Reaſon, which proves that the 
Earth is not perfectly round, is, becauſe ac- 
cording to the Trials of M. Caſſini, for deter- 
mining the largeneſs of the Earth, its Surface 
ought to have the Figure of an Ellipſis f pro- 
longed toward the Poles ſ and of which one 
Property is, that being divided into Degrees, 
every one of thoſe Degrees augments in Pro- 
portion as they approach the Poles; ſo that 
the Circumference of a Meridian of the 
Earth, ought to exceed the Circumference of 


+ According to Sir Jaac Netoton the Figure of the Earth is 
an oblate Spheroid, it being every where higher in the Aquator, 
than in the Poles, conſequently its Poles muſt be depreſſed, and 
not prolonged. Aſtronomers have likewiſe obſerved the ſame of 
Jupiter, namely, that its Axis is ſhorter than its Æquatorial Di- 
ameter ; for though this Planet be the greateſt of all the Planets, 
it is moved the ſwifteſt about its Axis, and therefore this Diffe- 
rence may be obſerved. | 


f Hiſt. de I Acad. 1718. ſuite de Vann&e pag. 237, 238. 
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its Equator about 54 Leagues *: But this Ex. 
ceſs does not hinder but that the Earth may 
be phyſically round. 

2. The Earth is a vaſte Body. A round 
Body, whoſe Circumference is gooo Leagues, 
is a vaſte Body. The Earth is a round Body, 
whoſe Circumference is about gooo Leagues, 
Every great Circle of the Earth has 360 De- 
grees; every Degree, according to M. P:quart, 
contains 2 5 Leagues of 2282 Fathoms, the 
Degrees of a Meridian, though unequal, con- 
tain almoſt ſo many, one with apother, ac- 
cording to M. Caſſini himſelf u. In a Word, 
advance about 25 Leagues from South to 
North, the Pole appears to you elevated one 
Degree. Now 25 Leagues repeated 360 Times, 
are gooo Leagues; multiply 360 by 25, the 
Product is gooo. 

3. The Earth is a fertile Body, ſince it af- 
fords us Flowers in Spring, plentiful Harveſts 
in Summer, and Fruits in Autumn, 

4. The Earth contains different Beds. In 
the Brink of great Rivers, and in Hills cut 
perpendicularly, you may often ſee a Bed of 
Clay, then one of Sand, one of Chalk, 
one of Stones, of Gravel, Sc. Father Mer- 
ſenne reports, that in making a Well at An- 
flerdam, they drew out ſucceſſively ſeven 
Foot of Clay, nine of Turf, ten of Potters- 
Clay, eight of Sand, four of Earth, ten of 


t Ibid. u Pag. 247. p ; 
otters- 


* 
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Potters-Sand, twoof Potters- Clay, four of white 
Sand, one of Turf, fourteen of Sand mixed wxh 
Potters-Clay, four of Potters-Clay mixed with 
Sand, twelve of pure Potters-Clay, and thirty 
one of Sand *. 

Finally, the Earth contains in its Boſom di- 
vers Minerals, fince they are drawn out 
of it. Therefore the Earth, conſidered as 
a mixed Body, is a Body round, or there- 
abouts, vaſt, fertile, and containing different 
Beds of divers Matters, divers Minerals. 

They call Minerals the fat or lean Juices 
which are drawn out of the Earth, Metals and 


Stones. 

1. Oil, Sulphur, Bitumen, Pitch, Amber, 
are of the firſt Sort of Juices. Common Salt, 
Mineral Salt, Vitriol, Allum, Nitre, Salt- 
Peter, Sal-Armoniac, Sc. of the ſecond. 

Oil is a Body whoſe Parts are ramoſe , 
flexible, and impregnated with much ſubtile 

Matter. 


* Bayle, T. II. p. 279. 


t By conſidering what has been ſaid concerning Attraction 
and Repulſion, we ſhall be better enabled to account for the Ge- 
nerality of chymical Experiments, than by imagining them to 
conſiſt of Particles hooked, pointed, blunted, &c. For Exam- 
ple, by Attraction we may eaſily underſtand why Quickſilver u- 
nites itſelf to Tin and Gold; and alſo why Water and Oil flick 
to Wood and clean Glaſs. We have Inſtances of Repulſion be- 
tween Water and Oil, and generally - between Water and all 
unctuous Bodies; between Mercury and Iron, as alſo between the 
Particles of any Duſt. | 

The Particles of any Salts attract one another with a very great 
Force, as appears by ſeveral Experiments: The following will be 
ſufficient to prove, that that Attraction exerts itſelf at a very ſmall 
Diſtance, and the repellent Force at a greater. 

Vor. I, N Diſſolve 
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Matter. Hence Oil is diffuſed, clammy, flu- 
id and eaſily inflamed. 

Sulphur is an oily Body, whoſe ſmall Branch- 
es are ſnorter, more compact, and ſurrounded 
with ſubtile Matter. Hence Sulphur is neither 
ſoft, nor fluid, as pure Oil, but is very inflam- 
mable. 

Bitumen is a Compound of Oil, Sulphur, 
terreſtrial and groſs Parts; accordingly Bitu- 
men is hardened and inflammable like Sulphur, 
and oftentimes Water itſelf only renders it 
more hot; becauſe the groſſer Parts of the Bi- 
rumen being inflamed, repel the Water, and 
the Water which reſiſts hinders the Parts of 
the Bitumen from diſſipating preſently. 

Pitch and Amber are Species of Bitumen, 
Pitch is a Bitumen which is immediately drawn 
from the Earth; and Amber a Bitumen 
which the Waves of the Sea throw upon the 
Coaſts, where it is hardened by Cold and 
Hear. | 

Common Salt is a Collection of long, ſtrait, 
ſtiff and ſharp Parts. In ſhort, it pricks, fur- 


Diſſolve Salt in Water, and when that Water is reduced into 
Vapour, the ſmall faline Particles will unite together and form 
greater Lumps ; which proves the Attraction. 

Theſe Particles are all equal, and of the fame Figure: Whence 
it follows, that the leaſt Parts of which they are formed, had 
every where the ſame Situation in Reſpect to each other; that is, 
were every where diffuſed in the Water at equal Diſtances; 
which cannot be, unleſs they all repel one another with equal 
Forces. Confer Notes on Cox VERS. IX. Vide Newt. Opt. 
Que. 31. 


niſhes 


7 
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niſhes effectual Menſtruums, and preſerves 
Meats by penetrating them, contracting their 
Parts, and by that Means hindering the Action 
of the Air and ſubtile Matter from ſeparating 
and corrupting them. There are Mountains 
in Poland all full of Salt. They find Mines 
of it in Caſtile, In the Dukedom of Cardonne 
in Spain, there is a Mountain of Salt of all 
Colours . Hence ſalt Waters. | | 

But what Method do they uſe to draw Salt 
from the Sea? In Summer they make Choice 
of low Places, Pits. In thoſe Salt-Pits the 
raiſe Banks towards the Sea. When it is high 
Tide, they open Sluices to receive the Salt- 
Water into ſome Reſervoirs. After that they 
ſhut the Sluices, and let the Water evaporate, 
till there remain but ſo much as is neceſſary 
for keeping the Salt in a certain Agitation. 
When the Water is prepared after this Man- 
ner, they make it run into ſmall Channels, 
much like the Walks of a Parterre, and whoſe 
Ground is Potter's Earth, which imbibes no 
Water “. | 

Mineral Salt is a foſſile Salt, tranſparent, 
and harder than Sea Salt. | 

Vitriol is a Mixture of Sulphur, an acid or 
ſharp and pointed Salt, Phlegm, Earth, Iron, 
and Copper: For 1. Sometimes a ſulphureous 
Odour is exhaled from it%, 2. If you put Vi- 


Bib. univ. & hiſt. 1691. z Regis T. 2. p. 205. 
* Mem. de Acad. 1713. p. 174. | 
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triol into a crucible, and thruſt it into the Fire, 

ou have a ſharp and pointed Salt drenched in 

hlegm, and this is what they call Spirit of 
Vitriol. 3. Spirit of Vitriol being poured up- 
on Iron, whoſe Sulphur it corrodes, is reincor- 
porated with Vitriol. 4. Chymiſts draw from 
it Earth and ferruginous Particles. 5. Iron be- 
ing put into a Solution of Vitriol, is charged 
and ſtriated with Particles of Copper. Father 
Kircher ſpeaks of vitrioline Waters, in which 
Plates of Iron ſeem to be changed into Cop- 
per, the Parts of the Copper taking the Place 
of thoſe of Iron, without any real Tranſmuta- 
tion . Rub a Plate of Steel with Particles of 
blue Vitriol wetted: The Particles of Copper 
are fixed in the Pores of the Surface of the 
Steel, and you would ſay that the Steel is 
changed all of a ſudden into Copper. 

Allum differs little from Vitriol, except that 
the Spirit of Allum is ſharper; whence it comes 
to paſs, that the Acid of Allum is leſs agree- 
able. i 

Allum, Vitriol and Sea Salt, however pure 
they be already, afford a ſaline and oily Liquor, 
and depoſite a very fine Earth b. 

Nitre is a different Acid, contained in a vo- 
latile Salt; and Salt-Peter is the ſame Acid, 
ſtrongly engaged in a fixed Salt, according to 
the chymical Obſervation of M. Lemeryc. Ni- 


* Kirker de M. (ub, p. 321. b Mem. de Acad. 1713. 
p. 32. © Ibid, 
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tre becomes Salt-Peter by the Mixture of a fo- 
reign fixed Salt d. The fixed Salt of Aſhes caſt 
upon the Dung of Animals afford Salt-Peter. 
Salr-Peter is a Salt whoſe Surface is more rug- 
ged than common Salt. Accordingly, 1. Salt- 
Peter is melted more eaſily, becauſe the Ine- 
quality of its Parts receives the Action of the 
Water more eaſily. 2. The Salt-Peter is more 
light, becauſe having a more unequal Surface, 
It is more porous. Salt-Peter fuſes and gives 
a Force to the Flame, becauſe it has ſolid 
Parts which are divided ſucceſſively, and bound 
with Violence every Way. They gather it up 
upon the Sides of the Walls of Caves, like a 
fort of ſalt Flower. The beſt comes from the 
Eaſt-Indies. Throughout all —_—_ they 
draw much of it from old Plaiſter, from the 
Earth of Church- yards, from Pigeon-Houſes, 
Stables ©, and from Plants; and as it 1s drawn 
from Plants which ſometimes one ſees fuſe in 
Fire, and from the Dung of Animals where 
it ſeems to be brought to Perfection, it may 
paſs for a vegetable and animal Salt, as well as 
for a mineral Salt. In ſhort, they find Mines 
of Sulphur, common Salt, mineral Salt, Vitri- 
ol and Allum; But there are none of Salt-Peter 
to be found f. | 

Sal Armoniac is a volatile Salt, urinous, and 
penetrated by an Acid, which cuts, divides 


d Ibid. 1717. p. 127. e Hit. de PAcad. 1717. P. 29. 


f Ibid. 
N 3 and 
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and corrodes. Put one Part of common Salt 
upon five of Urine; add half the Quantity of 
Soot: From this Mixture is ſublimated a rari- 
fied Subſtance, white like Meal, lightly ſtick- 
ing together, and friable; and this is artificial 
Sal-Ar moniac 8. Earths naturally loaded with 
common Salt, impregnated with the Urine of 
ſeveral Animals, and expoſed to the Heat of 
the Sun, ſeem capable of furniſhing a natural 
Sal-Armoniac. 

As for Salt of Tartar, it 1s an acid Salt drawn 
from Tartar; and the Tartar is the Lees of 
Wine ſticking to the internal Surface of 
Caſks. 

But finally, what is the moſt probable Ori- 
gin of thoſe terreſtrial, oily or faltiſh Juices? 

1. It is certain that the Earth is penetrated 
by a fine Matter agitated without Intermiſſion: 
For there happen inceſſantly Changes in the 
Boſom of the Earth; Exhalations iſſue out of 
it in the deepeſt Mines; the Mines of Stones 
and Metals being exhauſted, are filled again 
with Stones and Metals. Theſe Changes do 
not happen without the Tranſportation and 
Agitation of the Parts. Now, from what does 
this Tranſportation and Agitation immediate- 
ly proceed, if not from the ſubtile Matter, 


conſtantly agitated, and what penetrates the 
Earth? 4 


Ibid. 1716. p. 29. 


2. The. 


Upon the Earth and Minerals. 183 
2. The Parts of the Earth being ſolid and 


irregular, there muſt be between them an 
infinite Number of Interſtices of different Fi- 
ures. 

5 3. An Infinity of Particles of Matter driven 
into thoſe Interſtices, as into ſo many Moulds, 
by the Action of the ſubtile Matter, ought 
therein to take different Figures. Thoſe Par- 
ticles coming in the End to encounter and 
grapple with one another, compoſe divers Cor- 
puſcles, long, ſhort, hard, flexible, ſmooth, 
rugged, blunt, ſharp, or pointed. Such pro- 
bably is the Original of terreſtrial Juices, Oils, 
Sulphurs, and Salts; and from the Mixture of 
thoſe Juices proceed Metals and Stones. 

2. They call Metals Bodies that are ſolid, 
hard, capable of melting, and malleable; a 
Quality which diſtinguiſhes them from Stones. 
Divers Mixtures of long and ramoſe Parts, of 
Oil, Sulphur, Salt and Earth, make divers 
Metals; Tin, Iron, Copper, Silver, Lead and 
Gold. For 1. With Sulphur, Vitriol and 
Earth, they make a Species of artificial Iron. 
2. From moſt Metals they draw Parts of Oil, 
Sulphur, Salt or Earth. 3. Why do Metals 
melt, and lengthen by a Wiredrawing Iron, or 
at leaſt under the Hammer? Becauſe their long 
and ramoſe Parts run upon one another without 
quitting their Hold. Different Exhalations, 
oily, ſulphurous, faltiſh, and earthy, being 
raiſed up by the Action of the ſubtile Matter, 


and mixed toward the Sur face of the Earth, 
N 4 make 
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make therein metalline Veins, from which 
they draw divers Metals. 

The Gravity of Metals is very unequal. Tin 
affords 532 Pounds in one cubical Foot, Iron 
576, Copper 648, Silver 744, Lead 828, and 
Gold 1368. | 

Tin contains ſulphurous Parts, ſince it is in- 
flamed with Salt-Peter ; ramoſe and flexible, 
for it melts, and eaſily yields to the Hammer; 
conſiderably diſtant from each other; in a 
Word, it weighs leſs than other Metals. 

Iron is a Compound of Sulphur, vitrioline 
Salt, and Earth. Did not M. Geofroy make 
Iron by a Mixture of theſe three Principles? 
At leaſt he made a Powder, black, heavy, and 
cleaving to the Loadſtone ; a ſpecifical Mark 
of Iron b. Its Parts are ſtiff and groſs: Accord- 
ingly it yields wich Difficulty, whether to the 
Fire, or to the Hammer. But they are conſi- 
dlerably diſtant from one another, for it is 
lighter than the moſt Part of other Metals; 
and of the Number of thoſe which are moſt 
eaſily diſſolved by Aqua Fortis. There is hard- 
ly any Countrey in the World, eſpecially to- 
wards the Poles, where Nature does not pro- 
duce Iron. They draw it from the Arg://a i, 
and from an infinite Number of Foſſils. How 
many mineral Fountains are impregnated with 


it? They find it in the Aſhes: of Plants. M. 


hb Hiſt. de PAcad. 1704. p. 39. i Zanichelli. De ferro. 
Journ. des Sgavans, 1719. P. 378. | 
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Cefroy examining with a Knife, touched by 
a Loadſtone, the Aſhes of a Vine Branch, of 
Herbs, and of Wood, exactly reduced to Lye- 
Aſhes, always found Parcels of Iron, and he 
eſteemed it as a Thing impoſſible to make 
Aſhes without making Iron alſo k. Did not 
the Royal Society of London ſee Grains of Iron 
drawn from an humane Stone, calcined by Dr. 
Lifter? Probably thoſe Particles paſs from the 
Vegetables into the Animals themſelves. 

Steel is only refined Iron. According to the 
Experiments of M. Reaumur ®, the moſt pro- 
per Compoſition for converting into the hard- 
eſt, fineſt, and beſt Steel, Irons fitteſt for be- 
coming Steel, conſiſts in two Parts of Soot, one 
Part of beaten Coal, one Part of Aſhes, and a- 
bout threeFourths of a Part of Sea Salt, or ſome- 
thing leſs. If you uſe ſixteen Pqunds of Soor, 
you muſt uſe eight of Coal, eight of Aſhes, 
and fix or five only of Sea Salt. 

There muſt be a leſs active Compoſition for 
other Irons; two Parts of Aſhes, one of Soor, 
one of Coal, three Fourths of a Part of Sea 
Salt, or thereabour. 

This laſt Compoſition may be uſed with 
Succeſs upon the Iron of the firſt Species; but 
the Operation thereof is ſlower and longer. 
The Soot, Coal, Aſhes, and Salt require ſomo 
Preparation. They make the Soot paſs thro? 


* Hiſt. de Acad. 1705, p. 65. I Journ. des Sgav. 1719. 
P 378. m L' Art de convertir le Fer en Acier. 


a groſſ 


186 Cox vERSATION XIV. 


a groſs Searce, or through a ſort of Sieve. 
The finer it 1s, it will be ſo much the more 
effectual. The Coal is pounded ; after that it 
is made to paſs through a Searce moderately 
fine. The Aſhes are good, provided they are 
of new Wood: They make them alſo paſs, like 
the Coal, through a Sieve. As for the Sea 
Salt, it is reduced into a very fine Powder. 

The Mixture of Soot, Coal, Aſhes and Salt, 
is well made, when the Matter appears to be 
of the ſame Colour, in whatever Part one 
looks on it, 

Laſtly, they ſurround Bars of Iron with this 
Mixture; plaiſter the Whole over with Pot- 
ter's Earth, and put it into a Stove over a vi- 
olent Fire. In the Violence of the Agitation, 
the Particles of the Mixture, the Salts pene- 
trate the Iron, comminute the Parts of it, 
drive out the earthy Matter which is not ſuf- 
ficiently wrought by Nature, fill up its Inter- 
ſtices, and bind its Parts together. Hence 
proceed the Fineneſs, the Flexibility, and the 
Hardneſs of the Metal; and this is Steel. Cy- 
meters have been made of Steel, ſo fine and 
hard, that they cut Bars of Iron without be- 
ing blunted. 

— melted, but quickly cooled again, is 
changed into hard and brittle Steel; hard, be- 
cauſe the Particles are cloſely united; brittle, 
becauſe the ſmall Globules of the Steel only 
touch one another by ſpherical Surfaces. 


M, Zani- 
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M. Zanicbelli thinks that Iron contains a little 
Mercury. Preſent, fays he, a Piece of poliſh- 
ed Iron to Mercury, at the Diſtance of two 
Fingers Breadth, the Mercury flies to the Iron, 
and covers its Surface n. 

Copper is compounded of more compact 
Parts than thoſe of Iron, and of a Salc ſharp 
and fixed; for which Reaſon Copper is more 
weighty than Iron; it is melted with greater 
Difficulty, and its Salt is proper for corroding 
of Fleſh. 

Silver has its Parts more compact and leſs 
porous than Copper; for which Reaſon it is 
heavier, * 

Lead is a Tiſſue of Parts more equal, more 
flexible, leſs ramoſe, and leſs ſeparated; accord- 
ingly Lead ts divided, bent and melted quick- 
er, and is more ponderous. 

Gold differs from Silver and Lead, in that 
it reſults from Parts which are at the ſame 
Time more groſs, more ramoſe, more united, 
and leſs porous. Hence Gold is heated and 
melted with Difficulty; it is the heavieſt of 
Metals, and may be drawn out almoſt to an in- 
finite Length. 

There are Minerals, which are not proper- 
ly Metals, not being malleable ; but which 
are notwithſtanding Metalline, by Reaſon of 
the Parts which they contain ; Antimony, for 
Example, in the Analyſis which is made of it, 


» Journ. des Sgav. 1719. p. 376. 


appears 
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appears to be but a metalline Subſtance, mixeq 
with a good deal of very volatile Sulphur, and 
a kind of acid Salt; whence Antimony cauſ 
vomiting. Quickſilver, which alſo contain 
ſomething metalline, is a Body compounded qt 
round, poliſhed and flippery Parts, whoſe Pore, 
allow a Paſſage only to the ſubtile Matter: Fo 
which Reaſon Quickſilver is fluid, and it; 
Drops are formed round, becauſe the Air which 
cannot penetrate them, by Reaſon of the Smal. 
neſs of their Pores, thruſts them towards x 
common Center, until they equally reſiſt it on 
all Sides under a ſpherical Surface. Laſtly, 
native Cinnabar is a Mixture of Quickſilver and 
Sulphur; in a Word, Art produces one very 
like it from Sulphur and Quickſilver, 

It is of ſome Importance to know by what 
Marks one may diſcern the Places where Na- 
ture conceals her Treaſures. Oftentimes ſhe 
ſeems to lay Snares for the Curiofity and Co- 
vetouſneſs of Men, who. being deceived by fine 
Appearances, open the Boſom of the Earth 
without Succeſs, We have ſeen it opened 
near Paris with very conſiderable, but very 
uſeleſs Expences. But thoſe Places of the 
Earth that appear burnt, protuberant and 
mixed with white Rocks like Sorts of Cryſtals, 
rarely deceive. Theſe are Signs almoſt infal- 
lible of an abundance of Mines. Copper is 
diſcovered ſometimes by the Verdigreaſe which 
it throws out from the Earth o. | 


* Mem. de Trevoux. Sept. 1704. p. 1621. 


3. Stones 
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Stones do not differ from Metals, but in 
having their Parts leſs ramoſe, leſs interwoven, 
and conſequently leſs proper for being melted, 
or extended under the Hammer. At leaſt it is 
certain that there are Stones formed of Sul- 
phur and Earth, fince there are Flints which 
being rubbed againſt one another, ſend forth a 
8 ſulphurous Smell. They diſtinguiſh two Sorts 
of Stones, common Stones and precious Stones. 

There are ſome Stones formed of Chalk, 
and others of a fluid Matter, or of a ſoft Paſte 
which dries and hardens. 1. There are ſome 
formed of Chalk, whoſe Parts are probably 
linked together by certain Sulphurs; for Stones 
are found in Quarries, where ſome Vears be- 
fore one found only Chalk, and the Stones are 
different according to the Diverſity of Chalks. 
2. There are ſome formed of a fluid Matter, 
or of a ſoft Paſte. Stones cannot contain fo- 
reign Bodies within chem, unleſs they entered 
when they were a fluid Matter, or at leaſt a 
ſoft Paſte, But there are continually found in 
ſome Stones, Leaves, Plants, Inſects, Bones of 
terreſtriat Animals, and of Men, yea whole 
Skeletons P, Fiſhes and Shells. Therefore, c. 

The Shells which are found in the Genera- 
lity of Quarries, ſeem to prove that the Sur- 
face of the terreftrial Globe has been Mud and 
Mire drenched with the Water of the Sea, at 
leaſt to a certain Depth. Therefore the Wa- 


Þ Hiſt, de VAcad. 1716. p. 1 5%. 1706. p- 10. 
ter 
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ter of the Sea has covered the whole Earth; 
and thence probably it is that the Shelves or 
Beds of Stones, which are found in the Plain, 
are ordinarily horizontal, and parallel among 
themſelves. 

When the Petrification of the fame Mag 
has not been continued, but that one Part of 
it was done in a certain Time, and another 
Part in another Time, the Stone appears di. 
poſed in Form of Beds, like the Trunk of x 
Tree whoſe Accretion is interrupted in Win. 
ter. 

The Variety of Stones proceeds from the 
Diverſity of Mixtures. For Example, if ſome 
Oil happen to unite the Grains of Sand, it is 
brown Free-Stone. If the Parts of Salt and 
Oil, whole irregular Texture would make 
Sand, are united in ſuch Manner that a Maſ 
reſults from them whoſe Pores are direct, and 
leave a free Paſſage every Way for the Light, 
it is Cryſtal. In a Word, Cryſtal may be cal- 
cined like Free-ſtone. Are the Parts fit for 
compoſing Cryſtal more ſtraitly united? It is 
Diamond. Some Parts of Metal in Compoſi- 
tions, which without this Mixture would make 
Diamonds, render the Compoſitions leſs hard, 
and make Colours to appear in them; and 
theſe are Agates, Emralds, Topazes, Rubies 
and Sapphires. 

There are Stones formed even of Wood it- 
ſelf a. Wood is petrified, when Particles of 

4 Jour, des Sgav. 3. Feb 1693. | 

) Spar. 3. Feb 1693 = wn 
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Sand, Chalk, Stones or Salt, inſinuate them- 
ſelves and fink into the Pores of the Wood, 
and are there faſtened to one another. And 
if thoſe ſmall Parts are faſtened by certain Mix- 
cures of Sulphur, there is Metal formed in the 
Wood itſelf, They have found in petrified 
Wood a Vein of Metal, red and very fine. 
But a much more aſtoniſhing Petrification is 
that which Father K:rker mentions of a whole 
Village in Africa turned into Stone, with all 
that was in it, even to the Inhabitants them- 


ſelves r. For ſuch an Event the Earth of that 


Countrey muſt needs have emitted a ſtrange 
Quantity of Salt, to be capable of penetrating 
divers Bodies and there fixing themſelves. The 
Fact might have appeared more marvellous, 
had it been leſs fo. And if it were not too 
ſurprizing not to be ſuſpected, there would be 
no greater Difficulty in believing what Acoſta 
ſays of a Company of Spaniſb Cavaliers turned 
into Stones. 

However that be, the Sea has its Stones. 
The Galets are Flints ordinarily round, and 
always poliſhed, which the Sea throws upon 
the Coaſts. Whence proceeds their round Fi- 
gure, and their Smoothneſs? From their ha- 
ving- been a long Time agitated by the Waves 
and worn againſt one another. 

One would ſcarcely believe that Worms 
gnaw Stones. Nevertheleſs a Virtuoſo, who found 


= Mund. Subt. T. II. L. VIII. Sec. 2. p. 50. 
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Worms in a gnawed Stone, ſhut them up in 4 
Box with ſome Pieces of the Stone; and eight 
Days after he found the Pieces ſenſibly gnawed, 

Thoſe ſmall Inſects eat ſolid Bodies ſo much 
the more eaſily, as having a ſort of Needles, 
very hard and ſharp, they inſert them more 


_ eaſily into the Interſtices of Stones. 
Will you ſubjoin nothing to this Diſcourſe, 


Ariſtus? 

Ariſt. J thought as you proceeded I ſaw the 
Hand of Nature forming precious Stones. 
But M. Geofroy's Syſtem * upon the Origin of 
Stones has appeared to me very ſimple ; here 
It is, I think, in few Words. Earth without 
Mixture is the only neceſſary Ground for Pe- 
trifactions. There are two Sorts of primitive 
Parts in the Earth; the one which are very 
fine Laminæ, and almoſt equal among them- 
ſelves, and the other which have all Sorts of 
irregular Figures. The firſt being united in a 
ſufficient Quantity make a homogeneous Body, 
very hard by Reaſon of the immediate Contact 
of the Parts, and tranſparent becauſe of their 
regular Diſpoſition, which leaves free Paſlages 
every Way for the Light; and this is Cryſtal, 
The other, leſs ſuſceptible of immediate Con- 
tact, and a regular Diſpoſition, only form opake 
and leſs hard Collections. Cryſtals are only 
formed of the firſt; others are formed both of 
the firſt and ſecond ; the firſt are a ſtony cry- 


* Hiſt. de PA-2d. 1716. p. 8. ; 
ſtalline 
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ſtalline Juice; Water, as one may obſerve from 
ſome ſtony Fountains, which incruſt with Stone 
the Pipes through which they flow, is a pro- 
per Vehicle for carrying this Juice; this Juice 
is more weighty and fixed than Water, and 1s 
never evaporated with it. 

This being granted, after what Manner 1s 
natural Cryſtal formed? Much after the ſame 
Manner as faline Cryſtals in Chymiſtry. A 
Water charged with Salt is evaporated ſlowly 
in a cool Place; the Salts which were too 
much ſeparated, approach one another in the 
Evaporation ; the Slowneſs of the Evaporati- 
on affords them, in their approaching one an- 
other ſlowly, Leiſure for aſſuming, without 
Confuſion, ſuch an Arrangement as is fit; the 
Cold which diminiſhes the Agitation of the 
Water ſlowly, contributes to the two Effects; 
hence chymical Cryſtals. Water charged with 
cryſtalline Juice, fallen through the Clefts of a 
Rock to the Bottom, has permitted the Parti- 
cles of the cryſtalline Juice to approach one 
another in the flow Evaporation; and this is 
Rock-cryſtal. | 

Cryſtal is not formed univerſally alike, be- 


cauſe the cryſtalline Juice is unequally diffuſed. 


If Water charged with this Juice, paſling thro” 
a Portion of Earth, bind the Parts of it toge- 
ther, and be evaporated, the Compound hard- 
ens into common Stone. The Stone approach- 
es more or leſs to Cryſtal, according to the 


Quantity of cryſtalline Juice; and it is of a 


Vol. I, O finer 
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finer Grain, according as the Moleculæ of Earth 
are more homogeneous and ſmaller; hence 
Marble. Finally, divers Mixtures of cryſtal. 
line Juice and groſs Parts make different 
Stones, Flints, Agates, Gc. 

'  Eud. The Hypotheſis is ingenious, and 1 
love to ſee you forth Marble, Cryftals, Agates, 
and precious Stones, after M. Geoffroy, in ſo 
ſimple a Manner. But there is no Stone that 
ſtrikes me ſo much as the Loadſtone. 

Ariſt. You will teach me the Original of the 
Magnetic Virtue. I will endeavour to explain 
the Effects of it, after you have diſcourſed of 
the vulnerary Stone, which you omitted; tis 
true it is only an artificial one, but efficacious 
enough to deſerve ſome Regard. 

Bud. Let us confine our felves then to the 
ſimple vulnerary Stone. As for the fimple 
e yulnerary Stone, ſays M. Geofroy i, they take 
te equal Parts of the Filings of Iron, and of 
« pulverized Tartar, they make them in- 
* to a ſoft Paſte with Wine or Agua Vita, 
« and leave the Matter in Digeſtion before 
te the Sun in the Summer, moving it from 
« Time to Time, until the Whole be dried up 
« intirely. They reduce the Maſs into Pow- 
« der, and after that ſoak it in Wine, making 
it digeſt again, and then dry it. They re- 
« peat theſe Operations until they perceive no 
more Grains of Filings, and the Whole be 


t Mem. de Acad. 1713. p. 187, | | 
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« reduced into a very fine Powder. Then 
« with Aqua Vitæ they form Balls of it, which 
« they leave to dry in the Air, and to harden; 
« this is the fimple vulnerary Stone, whoſe 
« ſingular Virtues they boaſt ſo much of for 
« healing Wounds and Ulcers. 

« They ſoak this Stone in Wine for ſome 
« Time, or in Agua Vitæ or Urine; and with 
this Diſſolution they waſh fimple Wounds, 
« or elſe ſyringe them inwardly; ſometimes 
they ſpread the Stone itſelf upon the Wound 
* reduced into Powder to ftop Hemorrhages, 
* and apply Compreſſes ſoaked in the fame 
* Solution upon it, which they renew once in 
twenty four Hours. They do the ſame 
Thing for Ulcers, which it dries up and ci- 
e catrizes quickly. ann 

Let us now, Ariſtus, only think of unvell- 
ing the Myſteries of the Loadſtone, if po. 
ible, | oO 
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Upon the Loadſtone. 


Arif. ILL you have diſcovered to me 
the Myſteries of the Loadſtone, I 
ſhall be no more at Quiet than a Loadſtone it- 
ſelf, which is not in its natural Situation, and 
which is ſeeking out the Poles of the Earth. 

Eud. The Loadſtone, that Mineral, whok 
Direction guides us without erring through 
unknown Ways even to the End of the World, 
and brings us home again loaded with the 
Stones of the Eaſt, and with the Gold of Peri, 
is nothing elſe, at leaſt ordinarily, but a black- 
iſh and ferruginous Stone, which is found in 
Iron Mines, but harder than Iron itſelf. A 
certain Author makes Mention of a white 
Loadſtone, and that it is as ſtrong as the beſt; 
but a white Loadſtone is very rare. 

Certainly this fort of Stone has aſtoniſhing 
Properties, and much more capable of ſtri- 
king a Philoſopher than Gold, precious Stones 
and Diamonds; namely the Direction, mag- 
netic Vortex, Attraction, Communication, In- 
clination and Declenſion. 


2 Jielſcbius, J. des Sgav, 29 Mar. 1677. p. 80. 
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A Loadſtone at Liberty and ſuſpended by a 
Thread, ſeems to affect to turn always the 
ſame Sides toward the ſame Poles of the Earth; 
and this is what they call the Direction of the 
Loadſtone. An imperceptible Matter inceſ- 
ſantly circulates round it, iſſuing out of one 
of its oppoſite Sides, and entering again thro 
the other, and leaving Traces, which repre- 
ſent its circular Motion, in the Filings of Steel 
or Iron ſcattered upon Paper, which they bring 
near it; this is the magnetic Vortex, Fig. 1 7. 
Vou know they call a Vortex ſome [ould 
Matter which circulates round about a ſpheri- 
cal Body. The Loadſtone, Iron and Steel be- 
ing free and placed at a certain Diſtance, are 
attached to the Loadſtone as of themſelves; 
this is Attraction. They ſay that there is in 
the Muſeum of the Royal Society at London, a 
Loadſtone which attracts a Needle at nine 
Foot Diſtance *. In the very Moment of this 
marvellous Union the Loadſtone makes its pro- 
perties paſs at once into the Iron and Steel, 
into the Blade of a Knife, and the Needle of a 
Mariner's Compaſs; this is Communication. 
Should it approach to a Pole of the Earth, 
the Side which is neareſt the Pole is biaſs'd and 
inclines toward the Earth; this is Inclination. 
Inclination is remarkably ſenſible in a Needle 
touched with the Loadſtone. Finally, the Di- 
rection of the Loadſtone, and of Bodies touchy 


# Jour, des Sgav. 22 Mar. 1682. p. 79. 
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ed with it, towards the Poles of the Earth i; 
not ſo fixed but that they decline fome De. 
rees towards the Eaſt, or towards the 
Weſt ; and this is the Declination of the 
Loadſtone. | 

Ariſt. J am well apprized of theſe Won. 
ders, neither am I weary of admiring them; 
but what is their Original, or what is the phy- 
fical Cauſe, whoſe Action produces them? 
Upon this Head one has ſome Difficulty to 
explain one's ſelf clearly. 

Eud. It is a fort of ſubtile Matter, which 
running from one Pole of the Earth toward 
the other, penetrates the Loadſtone and Bodies 
touched with it. 5 | 

1. It is a fort of ſubtile Matter. For it is 
not the Loadſtone; the Wonders of the Load- 
ſtone conſiſt in divers Motions of the Load- 
ſtone itſelf, of Iron and Steel; and the Load- 
fone is not moved of itſelf, being only inef- 
fectual Matter which does not properly move 
the Iron or Steel but they come in Search of 
it, even when it is immovable. What is then 
this Source of philoſophical Prodigies? It muſt 
be agitated Matter, but imperceptible. It is, 
I fay, agitated Matter, fince it produces Moti- 
ons of inanimate Bodies, Motions which de- 
pend upon the Stroke upon ſome Matter ; it is 
imperceptible Matter; it does not affect the 
Senſes. Now this imperceptible Matter is 2 
fort of a ſubtile Matter, or only the Air. It is 
not merely the Air ; the Air does not affect to 
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unite two Loadſtones. Have they: loſt their 
Vortex in the Fire? It is certain that the Air 
does not unite them. Therefore it is a more 
refined Matter, a ſort of ſubtile Matter. 

2. This Matter flows near the Surface of 
the Earth from one Pole toward the other: 
Being agitated as it is, it cannot have a Di- 
rection from Pole to Pole without flowing af- 
ter that Manner. But it has a Direction from 
Pole to Pole; for it gives ſuch a Direction to 
the Loadſtone being at Liberty, and M. de la 
Hire having encloſed in a Stone ſome conſide- 
rably fine Iron Wires, and Parallel to the Axis 
of the Earth, or placed in the Plane of the 
Meridian, at the End of ten Vears found, that 
the Matter which animates the Loadſtone, 
flowed from one End to the other of thoſe 
Wires ?. | I 

3. Laſtly, this Matter penetrates the Load- 
ſtone. Preſent to a Loadſtone a light Bed of 
Filings of Iron or Steel, ſcattered upon ſome 
Paper. Immediately a Vortex of Filings ſeems 
to iſſue out from the two oppoſite Sides of the 
Loadſtone; a Vortex which cannot be formed 
but by a Vortex of ſubtile Matter that iſſues 
out of the Loadſtone. 

The ſurprizing Effects then of the Loadſtone 
proceed from a fort of ſubtile Matter, which 
flowing from one Pole of the Earth toward 
the other, penetrates the Loadſtone and Bo- 
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dies touched with it. Which was to be 
proved. 

But in Order to comprehend the Mecha- 
niſm of this Matter, which they call magnetic 
Matter, let us make ſome Obſervations. 

1. The Matter, which directs the two Ex- 
tremities of the Loadſtone toward the two 
Poles of the Earth, flows inceſſantly and ra- 
pidly from the one to the other of hob Ex- 
tremities; as one may obſerve by the Veloci 
with which it forms the Vortex of File Duſt. 
Therefore there muſt be in the internal Part 
of the Earth a Fluid of the like Nature, which 
flowing from Pole to Pole makes itſelf free 
Paſſages in the Loadſtone, while it is forming 
in an Iron Mine. 

2. The magnetic Matter that iſſues out ra- 
pidly from one Extremity of the Loadſtone, 
and is, no doubt, reflected by the Reſiſtance of 
the Air, which increaſes in Proportion to the 
Velocity of the Matter that ſtrikes it, circu- 
lates upon the Surface of the Loadſtone: Why 
ſhould not the Matter which is united toward 
a Pole of the Earth, and darted out into the 
Air, be reflected after the ſame Manner by the 
Reſiſtance of the Air, and forced to return by 
circulating near both the internal and external 
Surface of the Earth? Thus you have a Vor- 
tex of magnetic Matter round about the Earth, 
as well as about the Loadſtone. 

3. Can one be aſtoniſhed after this, that 
they look upon the Earth as a great Loadſtone, 


and 
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and upon the Loadſtone as a little Earth, 
which has its Poles, Axis, Meridian and E- 
quator ? 

Therefore they diſtinguiſh two Poles in the 
Loadſtone, a South or meridional one, and a 
North or ſeptentrional one. Thoſe two Poles 
are the two Sides of the Loadſtone, which turn 
as of themſelves toward the Poles of the Earth. 
The Pole, which in the Mine lay Southward, 
is the meridional Pole; and that which faced 
the North, is the Septentrional. 

4. If the Matter which circulates round a- 
bout the Loadſtone, could enter again by the 
Pole which permits ir to iſſue out, it would 
not circulate. Conſequently the fame Parts 
of magnetic Matter do not find Acceſs into a 
Le adſtone but by the fame Pole. Do they en- 
ter by the meridional Pole? They cannot en- 
ter by the Septentrional. If they enter by the 
ſeptentrional Pole, they cannot enter by the 
Meridional. For which Reaſon a Loadſtone 
ſuſpended over the Surface of the Earth, can- 
not receive directly the Matter which paſſed 
through it in the Mine, and which returns by 
circulating, without being in an oppoſite Si- 
tuation. Did its meridional Pole receive Mat- 
ter coming from the South? It ought to face 
the North in order to receive the ſame Matter 
on its Return. Hence the Pole which points 
to the North, is called the meridional Pole of 
the Loadſtone, and the oppoſite Pole is called 
the Septentrional, | 

| 5. The 
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5. The Pores of the Earth and Loadſtone 
ought to haye a particular Configuration, ſince 
they do not receive the ſame magnetic Matter 
but only by one Part, neither does it produce 
the ſame Effects in all Bodies. Has not the 
magnetic Matter itſelf its own Configura- 
tion ? | 
MM. Huygens conceived its Particles to be like 
ſo many Darts, and the Pores of the Load- 
ſtone like ſmall Pipes, whoſe internal Surfaces 
was beſtrewed with ſmall flexible Hairs, in- 
clining to one Side for letting the Fluid run, 
but always ready to reſiſt and hinder its re- 
turning by the ſame Way: M. Deſcartes con- 
ceived thoſe Particles as ſo many Screws turned 
round contrary Ways, and the Pores as ſo ma- 
ny Screw-Boxes formed in an oppoſite Man- 
ner, and fit for letting the Fluid run; the one 
only from South to North, and the other only 
from North to South. The firſt Opinion ap- 
pears more ſimple, and the ſecond more inge- 
nious. But as a Thouſand different Configura- 
tions of Parts and Pores may cauſe a magnetic 
Vortex, one can determine nothing upon this 
Head. 

6. Does the magnetic Matter come from 
both Poles of the Earth, into both Poles of the 
Loadſtone? M. Deſcartes believed it; and there 
is no ſolid Reaſon to prove the contrary. It 
the Matter did not come from both Poles, 
Bodies thrown upward under the Equator, be- 


ing thruſt more toward one Pole than wo o- 
er, 
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ther, would they fall perpendicularly ? A Load- 
ſtone being at Liberty, would it not be carried 
away by the Torrent of this Matter? 

Ariſt. There ſeems to be nothing more 
needful to explain the Experiments of the 
Loadſtone. | 

Eud. Well! I am going to make ſome ve- 
ry curious ones; you ſhall explain them. 

In the firſt Place I hang up an excellent 
Loadſtone by a Thread perpendicular to its 
Axis. It is agitated, and appears reſtleſs, 
until its South Pole be turned toward the North, 
and its North Pole toward the South. 

Ariſt. The fine Matter which flows ra- 
pidly from one Pole of the Earth towards the 
other, and which at firſt does not find in the 
Stone the Pole appointed to receive it, follow- 
ing its Direction, attempts in vain to enter, 
ſtrikes, and thruſts irregularly. The Stone 
being ſtruck and thruſt in that Sort, yields to 
the Strokes according to their Force. Hence, 
this Agitation, and a kind of Reſtleſſneſs. By 
Virtue of its being agitated in turning about, 
it preſents at laſt to the Direction of the mag- 
netic Matter the Pole deſtined for receiving it, 
and which did receive it in the Boſom of the 
Earth. The Matter finds therein a free Ac- 
ceſs, flows into it, penetrates the Stone, and 
paſſes through without puſhing it more to one 
Side than another; and the Loadſtone remains 
immovable; no more Reſtleſsneſs. Draw it out 
of this Situation: Its firſt Reſtleſsneſs is n_ 
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ed and ceaſes by the ſame Reaſon. Now, the 
meridional Pole of the Loadſtone, or that 
which faced the South when it was with- 
in the Earth, ought to face the North above 
the Surface of the Earth, in order to give free 
Acceſs to the Matter which returns by Cir- 
culation. Thus the Loadſtone is agitated till 
its meridional Pole be turned toward the 
North, and its Septentrional toward the South; 
and this is the Direction of the Loadſtone; 
a Direction which guides our Veſſels over 
Rocks, from one End of the World to the o- 
ther. | 
Eud. Let us now ſtrew upon Paper a pretty 
thin Bed of Filings of Iron. I bring the Stone 
near it perpendicularly, either above or below; 
I agitate the Paper a little in order to facili- 
tate the Action of the File-duſt. You ſee it 
at once divided, as of itſelf, into ſmall circu- 
lar Threads which ſeem to iſſue out of the 
Poles of the Stone, and diſpoſed round about 
it in Form of a Vortex. | 

Ariſt. The magnetic Matter that iſſues out 
of the Pole, and is reflected by the Air, which 
encounters it directly, and reſiſts ſo much the 
more as it is ſtruck with the greater Velocity 
by the Matter united in the Pole, not finding 
Acceſs to enter by the ſame Pole, by Reaſon of 
the Matter which comes inceſſantly, and the 
Configuration of the Pores, is divided into con- 
central Semicircles, ſome of them ſtronger, 
and others weaker, ſeparated a little by the 
Oppol 
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Oppoſition of the Air; and circulating upon 
the Surface of the Loadſtone in Form of a 
Vortex, it comes in Queſt of the Pole, which 
received it at firſt in its Way. It finds the 
Filings of Iron, penetrates them, and lays 
them along, becauſe it flows in them more ea- 
fily than in the Air, by Reaſon that the Pores 
of the Iron are more proportioned to the Con- 
figuration of its Parts, more ſolid, and leſs in- 
terrupted than the Interſtices of the Air inceſ- 
ſantly agitated with an univerſal Motion. Thus 
it deſcribes the Figure of its Vortex; and the 
Eye being ſurprized , fees in the File-duſt a 
Vortex formed all at once. = 

Eud. To the South Pole of this Loadſtone 
ſuſpended, I preſent the North Pole of another 
Loadſtone which is free. The one attracts the 
other; and you would fay that an agreeable 
Sympathy united them both. Fe. 

Ariſt. In this Situation the Matter, which is 


darted out from one of the Loadſtones, finds a 


free Acceſs into the other, and is carried thi- 
ther with extreme Velocity, driving out the 
Air from between the Loadſtones. There is 
no more Equilibrium. The Air being driven 
out retires, and is contracted behind the Load- 
ſtones; being contracted it is dilated. In its 
being dilated, it puſhes the Loadſtones towards 
one another. The Loadſtones being puſhed, 
the one towards the other by oppoſite Forces, 
and finding leſs Force to overcome inwardly 
than outwardly, becauſe there is nothing elſe 

almoſt 
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almoſt found between them but ſome very 
fine Matter which eafily penetrates them; and 
becauſe they are protruded by the external Air, 
both the one and the other yield to the Exceſs 
of Force, approach one another, and are uni- 
ted, by a real Impulfion to which moreover 
they give the Name of Attraction, and they 
remain attached together in one common Vor- 


rex, which one may fee deſcribed upon fome 


Filings of Iron or Steel. 

Eud. Let us ſeparate the Loadſtones, and 

preſent the two Poles of the ſame Name to 
one another, the two Meridionals, or the two 
Septentrionals. The Loadſtones ſeem to fly 
from one another. Would you not fay that a 
ſecret Antipathy had ſuddenly fucceeded to the 
ſtrongeſt Sympathy? 
Ani. The Matter which impetuouſly flows 
from one Pole to the other of the fame Name, 
not finding therein any Acceſs, becauſe it is 
not the Pole prepared for receiving it, or which 
received it in the Mine, thruſts it back with 
all its Force out of its Vortex, and does it the 
more effectually becauſe it moves with greater 
Velocity, until it find nothing more to ſtraiten 
its Sphere of Activity. The Loadſtones being 
protruded after this Manner towards oppoſite 
Parts, where they find contrary Forces leſs 
united, and Spaces more free, yield rather to 
the Exceſs of a foreign Force, than to the 
Motion of a ſecret Antipathy. 


Eud, 
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Eud. Let us only uſe one Loadſtone. I 

eſent to it a Plate of Copper; it does not 
attract it in the leaſt, | 

Ariſt. The Matter that iſſues out of the 
Loadſtone, with a Configuration proportioned 
to the Pores of the Loadſtone 1tfelf, not find- 
ing in thoſe of the Copper the fame Diſpoſiti- 
tion for receiving 1t, does not run into them, 
neither is it united in a ſufficient Quantity, 
not to leave much Air between the Loadſtone 
and the Copper. Hence, the Air which re- 
mains, and the Matter which does not paſs 
through, repel the Copper. The Fluid, which 
paſſes through, and returns being reflected by 
the external Air, drives back the Plate, ſe- 
conded by the Spring and Preſſure of the Air: 
The Plate being impelled towards two op- 
poſite Parts by equal Forces, obeys them e- 
qually, and remains at Reſt. 

Eud. The Loadſtone attracts neither Lead 
nor Wood, by the ſame Reafon. But if 1 
bring a Plate of Iron near it, the Iron comes 
and applies itſelf to it. 

Ariſt. The magnetic Matter meets with the 
ſame Configuration of Pores almoſt in the Iron 
as in the Loadſtone, which is found in Mines 
of Iron. It finds free Acceſs, runs into them, 
and is united in a ſufficient Quantity to drive 
out almoſt all the Air from between the Iron 
and the Loadſtone. The Air being driven out, 
returns backward upon the Loadſtone and the 
Iron. The Iron being violently propelled to- 

ward 
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ward the Loadſtone, without finding any Ob- 


ſtacle between the Loadſtone and it, becauſe it 
gives a free Paſſage to the magnetic Matter, 
follows the ſtrongeſt Impreſſion, flies toward 
the Loadſtone, and lays hold on it, as one 
Loadſtone lays hold on another. 

Eud. On the ſame Principle one might ſee 

the ſame Diverſion in Steel. But let us put a 
Loadſtone upon Water in a little Boat of Paſte- 
board, and embark with it theſe little Figures; 
they are Toys and Play Things. Do not you 
obſerve the Loadſtone itſelf, followed with the 
Toys, come ſwimming in Queſt of the fixed 
Steel, which is preſented to it. 
Ariſt. Since the Air driven from between 
the Loadſtone and the Steel, retires equally 
behind both, it thruſts equally the Steel to- 
ward the Loadſtone, and the Loadſtone to- 
ward the Steel. They both obſerve the Laws 
of Nature exactly; the Loadſtone which i 
free comes attended with the Toys in Queſt of 
the Steel, which is not ſo. 

Eud. To this Plate of Steel attached to the 
Loadſtone, I affix a Weight of 28 Pounds, 
The Weight cannot looſe it from the Load- 
ſtone. This Loadſtone equals that which M 
Huygens made Uſe of *, and is not inferior to 
that which was offered to Sale for 5000 Li- 
vres in 1702, and which weighing only ele- 
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ven Ounces did notwithſtanding bear up 28 
Pound of Iron *. 

Ariſt. The Preſſure of the external Air, the 
Fulneſs of the World, the immediate Contact 
of the Lamina of Steel, and of the Steel with 
which the Loadſtone is armed in its two 
Poles, produce this ſurprizing Effect. The 
Preſſure, which proceeds from the Gravity of 
the Air, has a good Share in it. The Fulneſs 
of the World is the Cauſe why the Lamina of 
Steel cannot be looſed perpendicularly, without 
ſome Matter ſucceeding in the Place of the ſo- 
lid Parts of the two Steels, which touch one 
another immediately; and it is very difficult 
for any Matter to flow there, becauſe a whole 
Plane muſt be ſeparated from another almoſt 
at the ſame Time, and the external Matter 
cannot, without extraordinary Efforts, ſlide along 
with Celerity enough not to leave any Vacuum. 

Eud. The Armour, which conſiſts of Plates 
of Steel applied to the Pole of a Loadſtone, 
augments its Force very much. Certain Load- 
ſtones being armed, are thereby made two 
Hundred Times ſtronger 2. 

Ariſt. The inviſible Matter, which produ- 
ces the Wonders of the Loadſtone, paſſes from 
the Loadſtone into the Armour of the Steel, as 
from a larger Bed into a ſtraiter one; it alſo 
paſſes therein with more Freedom, becauſe the 
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Steel is of a Matter more ſtiff than the Magnet, 
which is a Stone. Hence the magnetic Mat- 
ter accelerates its Motion, and its Exceſs of 
Motion is an Exceſs of Force. Moreover, the 
Steel being ſmoother than Stone, there remains 
leſs Air between the Steel and the Bodies which 
are immediately attached to it, than betwixt 
the Stone and thoſe Bodies. 

Eud. After this, need we be aſtoniſhed if 
the Loadſtone, to which I preſent Filings of 
Steel, becomes ſuddenly, as it were, briſtled? 
What ſurprizes me is, that putting a Lamina 
of Copper between the Filings and Loadſtone, 
the Filings are attached to the Lamina of Co 
per, without the Lamina being attached to the 
Loadſtone. I ſlide the Loadſtone over the up- 
per Surface of the Lamina. You may ſee 
perpendicular Threads of Filings ſliding along 
at the ſame Time upon the inferior Surface. 
What magical Charm holds them attached by 
one of their Extremities, and makes them go 
and return rapidly, as at the Pleaſure of the 
Loadſtone? 

Ariſt. The Lamina of Copper is not at- 
tached to the Loadſtone, becauſe the magnetic 
Matter not paſiing eaſily enough through the 
Pores of the Copper, as we have faid already, 
there remains much of this Matter and of Air 
between the Copper and Loadſtone. Bur that 
which paſſes finding an eaſie Acceſs into the 
Filings, runs abundantly into them, and drives 
out almoſt all the Air which is found _—_— 
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the Lamina and the Filings; no more Equz/;- 
brium of Forces at the oppoſite Ends of the 
ſmall Parts of the Filings; the Air driven out 
becomes victorious, protrudes toward the La- 
mina, and holds them attached to it. Such is 
the inviſible Bond. By the fame Principle, 
whenever you ſlide the Loadſtone toward one 
Part, the Air carries thither the Threads of 
the Filings. This, I think, is the Spring 
which preſents to our Eyes the magical Diver- 
fions of the Loadſtone. 

Eud. I move the Loadſtone a little from 
the ſuperior Plane of the Lamina: The 
Enchantment ceaſes, and the Filings fall 
down. 
Ariſt. When it is no more within the Vor- 
tex, at leaſt not in a powerful Part of the 
Vortex of the Loadſtone, the external Air is 
no longer ſufficient to ſupport it. 

Eud. Let us lay afide the Lamina of Cop- 
per, and preſent to the Loaditone a ſewing 
Needle; there it is ſuſpended by the Point: 
What has made it of a ſudden, ſo ſenſible? 

Ariſt. That which carries the Filings of 
Iron, Steel, and Loadſtone itſelf toward the 
Loadſtone, and holds them attached to it, ſuſ- 
pends the Needle upon the Loadſtone, and 
keeps it ſuſpended. The Air thruſts it to- 
ward the Loadſtone, by repelling the magne- 
tic Matter towards it. There is nothing to 
hinder its being attached to the Loadſtone, be- 


cauſe there is no more Air, or much leſs Air 
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between it and the Loadſtone ; the Eguilibri- 
um being taken away, it only follows the Im- 
preſſion of the greater Force in its being at- 
tached by the Point. 

Eud. Let us turn the Loadſtone round the 
Needle of a Compaſs, placed horizontally up- 
on an Axis, after ſuch a Manner that it may 
turn round. The Needle goes round with 
the ſame Velocity. Would you not ſay that it 
was afraid of loſing the Pole which attract- 
ed it? 

Ariſt. One of its Extremities being conti- 
nually drove by the expelled Air, which how- 
ever returns upon it, while it is not equally 
repelled by the fine Matter which 1s alone, or 
almoſt alone, between it and the Loadſtone, 
it muſt yield, and endeavour to wait on the 
Loadſtone which flies away, by turning round 
upon its Axis, | 

Eud. If I make the Stone go round a con- 
trary Way with the ſame Rapidity, the Nee- 
dle returns and follows the Stone with the 
ſame Velocity. 

Ariſt. The Needle, in returning, only fol- 
lows the fame Principle. 

Eud Let us put the Loadſtone and Needle 
into Water. The Needle goes in Queſt of 
the Loadſtone, notwithſtanding the Obſtacle of 
the Water which it muſt cut every Moment, 
in order to come at it: The Reaſon is, becauſe 
there is certainly Air in the Water, as we ſhall 
ſee, and conſequently a ſubtile Matter which 
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expels it, and diſturbs the Eguilibrium of op- 

ſite Forces, as without. The Air being ex- 
pelled, but victorious in its Return, forces the 
Needle to retire toward the Loadſtone. The 
Needle would diſcover the ſame Forwardneſs 
to unite itſelf to the Loadſtone, and the ſame 
Reſtleſneſs in an Air- Pump, out of which one 
had pumped the Air, becauſe ſome Air ſtill 
remains, at leaſt a ſubtile Air. 

Shall we, Ariſtus, make a Whirligig go 
round, whoſe Axis is of Steel? It is permitted 
to Philoſophers themſelves to toy, when the 
Buſineſs is only to unravel Truth. I preſent 
the Plane of the Head of the Armour to the 
ſuperior Extremity of the Axis. The Axis 
lays hold of the Plane, and is attached to it; 
and the Whirligig being ſupported merely by 
an inviſible Force, turns round but the 
ſwifter. 

Ariſt. The Whirligig riſes like the Needle; 
the ſame Force produces two ſimilar Effects. 
But why does the Whirligig continue to turn 
round? Becauſe its perpendicular Direction is 
not oppoſed to the circular Motion, which it 
had before the Loadſtone bore it up. If it 
turns round with a greater Celerity, that is be- 
cauſe the Plane, which it touches, is more 
poliſhed, 

Eud. Let us forbear toying, and take again 
two Loadſtones, the one ſtronger and the other 
weaker. I apply them both to a Piece of 


Iron by the two oppoſite Sides, . With the 
| P 3 weaker 
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weaker I ſnatch away the Iron from the ſtrong. 
er, which however does not always happen. 
But how can the weaker prevail over the 
ſtronger ? : 
Ariſt. When the Fact happens, it is proba- 
bly becauſe the ſtronger does not touch the 
Iron ſo exactly as the weaker, that conſequent- 
ly there remains ſome Air between the ſtrong- 
er and the Iron, and the Effort of the internal 
Air, for ſeparating the Iron from the Load- 
ſtone, exceeds the Exceſs of Weakneſs which 
is found in the weaker. The weaker ſecond- 


ed by the Air, which remains between the 
ſtronger and the Iron, prevails ſo much the 


more effectually, becauſe being within the 
Vortex of the ſtronger, it participates of the 
Force of the ſtronger, whoſe Vortex unites it 
firmly to the Iron. In ſhort, withdraw the 
weaker from this Vortex, and it will quickly 
let the Iron fall. 

Eud. One Experiment more, and we will 
finiſh this Converſation. | 

Fig. 18. Ifuſpend a lighted Wax-Candle (a), 
under an oblique Plane () thin, moveable, and 
which can turn round upon a poliſhed Axis 
(c). I hang a Loadſtone upon the other 
Side (d), over the Water (ef). The Plane, 
Flame, and Loadſtone turn round, and the 
Loadſtone is agitated. Small enamelled Fi- 


gures being (g/ bored through with an Iron- 


Wire, follows it ſwimming. 


Ariſt. 
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Ariſt. The Flame makes the oblique Plane 


turn round, after the ſame Manner as the 
Wind makes the Sails of a Windmill to go 
round. The Plane, which turns round, car- 
ries along with it both the Flame which con- 
tinues to make it turn round, and the ſuſ- 
pended Loadſtone. The Loadſtone, which 
goes round, loſes its Direction toward the 
Poles. The magnetic Matter ſtrikes it, in or- 
der to reſtore it. Hence the Inquietude of the 
Loadſtone. The Air being expelled from be- 
tween the Loadſtone and the Figures of Steel, 
drives the Figures toward the Loadſtone. 
Hence their apparent Senſibility, or this For- 
wardneſs to follow it ſwimming. 

Eud. Hitherto, Ariſtus, we have ſeen the 
wonderful Effects of Direction and Attracti- 
on; this Evening we will obſerve thoſe of 
Communication, Inclination, and Declina- 
[10N, 
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Upon the Communication, Inclimation, 


and Declination of the Loadſtone. 


Eud. J Rub a Knife, according to its Length, 

from the Handle to the Point, by 
conducting it from one Pole of the Loadſtone 
ro the other. The Knife, which I have rub- 
bed, lifts up Iron Nails, Keys and Needles: 
The magnetic Virtue has paſſed into the 
Knife, without ceaſing to be in the Loadſtone. 
Let us preſent to the Loadſtone a Needle pla- 
ced upon the Axis of the Needle of a Com- 
paſs. The Needle has already its Poles turned 
toward the Poles of the World. I preſent a 
Pole of the Loadſtone to the Point of a ſewing 
Needle; it is there ſuſpended perpendicularly 
by the Point. The other Extremity of this 
Needle draws to it a ſecond by the Point, the 
ſecond a third, the third a fourth, the fourth 
a fifth, the fifth a ſixth, &c. 

Ariſt. The magnetic Matter, which had 
made itſelf in the Iron, while it was with the 
Loadſtone in the Mine, Pores much like thoſe 
of the Loadſtone, improves them by paſſing 
impetuouſly from the Loadſtone into the Iron 

or 
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or Steel, gives theſe Pores the Configuration 
which it retains in coming out of the Stone, 
conſequently diſpoſes them to receive it pre- 
ciſely on one Side, and to let it paſs out pre- 
ciſely by another, gives its Direction to the 
magnetic Matter where with the Iron is pene- 
trated, and by that Means makes two Poles: 
This is Communication, and thus the Iron 
and Steel, Needle and Knife become at once 
new Loadſtones. 
Eud. The Needle, Knife, and Rods of Iron 
or Steel aſſume the magnetic Virtue according 
to their Length; the Ends become Poles. 
Does the Loadſtone touch one Extremity ? 
The other is endued with a magnetic Virtue. 
Ariſt. The Reaſon is, becauſe the magne- 
tic Matter, finding therein more ſolid Pores, 
Pipes, and Paſſages more proportioned to its 
Configuration, and leſs interrupted, wherein it 
muſt communicate leſs Motion than in the 
Air, whoſe Parts are more ramoſe, it flows in 
them more eaſily than in the Air itſelf. Hence 
the Rods of Iron or Steel being put into a Si- 
tuation parallel to the Meridian, the Fire- 
tongs themſelves become magnetic accord- 
ing to their Length, in receiving the Fluid 
which iſſues out of the Boſom of the Earth. 
Eud. A Knife, that flides Croſs-ways upon 
the Pole that endued it with a magnetic Vir- 
tue, loſes ſometimes its Virtue all at once. 
Ariſt. The Matter, which finds the Parts 


of the Iron and Steel more flexible than thoſe 
| of 


| 
| 
| 
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of the Loadſtone, enters impetuouſly into the 
Iron and Steel through the Pole prepared for 
letting it paſs out; raiſes up again the Particles 
Croſs-ways, the ſmall Hairs which at firſt it 
had made to incline to one Side; changes the 
firſt Configuration of the Pores, and by that 
Means ſhuts up the Paſſage againſt itſelf. 
Eud. By the ſame Principle, the Needle of 
a Compals loſes its Virtue, when it is too 
long retained in a Situation parallel to the 
Meridian, but contrary to the Courſe of the 
magnetic Matter. Vou need but hold the 


North-Pole of the Load-ſtone applied to the 


North-Pole of a magnetic Needle, and it be- 
comes Magnetic the contrary Way. 

Ariſt. The Reaſon is, becauſe the magnetic 
Matter finds the Particles of the Needle ſuffici- 
ently pliable and flexible for receiving at once 
a contrary Arrangement and Configuration. 

Eud. Sometimes in thisChange the magne- 
tic Virtue is only augmented. 

Ariſt. That is, becauſe the Particles of Steel 
being turned an oppoſite Way, thereby become 
only more flexible, and fitter for yielding to 
the Current of the Fluids. | 

Eud. Would you imagine that Thunder 
could give a new Direction to the magnetic 
Needle, as well as the Loadſtone? But one 
Day all the Needles of an Engliſʒ Veſſel, upon 
which the Thunder fell, immediately took a 
new Direction, and ſo conſtant, that they 
could not change it. The Pilot of the * 

e 
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ſel reſumed the ſame Courſe he had made, 
without knowing it, till the Pilot of another 
Veſſel made him obſerve in the Direction of 
his Needles the new Phenomenon of the 
Thunder b. 

Ariſe. Probably the magnetic Matter being 
forced by the Violence of the Thunder to flow 
back impetuouſly through the ſame ſmall Paſ- 
ſages of the Needles, made the ſmall Parts of 
choſe Ducts to take oppoſite Configurations 
and Directions. 

This Phenomenon, Eudexus, brings into my 
Mind the Obligation which the whole World 
is under to the Portugueſe, who purpoſing to 
diſcover the Indies found out, or improved at 
leaſt, a Thing more to be eſteemed than the 
Riches themſelves of the Indies, that is the 
Compaſs, This Invention is ſo glorious to 
thoſe who were the Authors of it, that in ſome 
Meaſure we owe to them the greateſt Part of 
the Diſcoveries which have been made in dif- 
ferent Parts of the World. 

Eud. They pretend that the Chineſe had the 
Uſe of the Compaſs, long Time before &. 
However that be; Will you believe it, Ari- 
flus? According to the Experiments of M. de 
Reamur d, Iron gives a magnetic Virtue to Iron, 


without touching the Loadſtone, and alſo to 


d Journ. des Sgav. 1 Mar. 1677. p. 61. c Maffee 
Hiſt. des Indes. Journ, des Sgav. 1666. p. 118. Le Pere 
le Comte, dernire Lett. du Tom. I. d Mem. de I Acad. 


1723. p. 81. 
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itſelf when it is broken. Being placed verti. 
cally it becomes magnetic, not only after 3 
conſiderable Time, as Shovels and Pincers; or 
after many Vears, as the famous Croſſes of the 
Bells of Aix and Chartres; but in a Moment. 
Almoſt all the Tools, which cut or pierce Iron 
in a cold State, as Sciſſars, Bodkins, and Gra- 
vers, are immediately endued with magnetie 
Virtue; ſince whenever they have cut or bored 
Iron, they begin to be charged with Filings of 
Iron e: When you break Iron by having bent 
and twiſted it different Times in the ſame 
Part, you will find it become magnetic in the 
breaking; the two Ends where it is broken, 
attract Filings of Iron or Steel, 

Laſtly, a Bar of Iron placed vertically ac- 
quires two Poles in an Inſtant, The lower 
End attracts the Point of the Needle which or- 
dinarily faces the South; and towards the u 

r End there is a Pole which attraQts t 
North Point. The two Poles change, when- 
ever the Bar happens to be in an oppoſite Situ- 
ation. 

Ariſt. It is very probable that the Iron is 
penetrated with a magnetic Matter, impriſon- 
ed, as it were, and that there are in the Iron 
ſeveral ſmall' Vortexes of this Matter, weak 
and irregular, which give little Strength to the 
Iron, becauſe they do not concur to the ſame 
Effect. It is in Mines of Iron that the Load- 


e Mem. de IAcad. 1723. p. 82, 83. fp. 92, 93. 
| | ſtone 
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ſtone acquires its Force; and Bodies which 
have the Virtue of Attraction, attract more 
Filings when they are placed upon ſome other 


. Iron. If you remove from an Anvil magne- 
n tick Iron, which has charged itſelf thereon 
* with Filings, immediately it loſes its Force, 


and lets fall what it bores. Probably becauſe 
the Iron has its Armoſphere, which augments 
its Vortex. The greater the Vortex is, the 
greater is the attractive Virtue, A weak Load- 
ſtone increaſes in Force in the Vortex of a 
ſtronger one b. | 

This being granted; 1. When a Tool of 
Iron or Steel cuts or bores Iron, the Matter 
expelled from the diſordered or contracted 
Pores of the Iron, is darted out into the Tool, 
whoſe Parts being harder, and more ſeparated 
by the Effort of the Operation, preſent more 
free Pores or Paſſages to the magnetic Matter; 
and it gives the Matter which it encounters 
therein its Direction from one End to the o- 
ther. Hence the Tool has its two Poles; and 
it becomes Magnetic. 

2. When one breaks Iron after having bent 
it, the internal magnetic Matter being violent- 
ly agitated by the Torture, finds Paſſages in 
the two Ends of the Fracture, is united in 
them, runs off, and being repelled by the Air, 
returns alternately with the Filings of Iron. 


s Mem, de PAcad. 1723. p. 29. h P. 96. | 
Thus 
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Thus Iron becomes magnetic without the Help 
of the Loadſtone. 

3. Finally, when one places a Bar or Rod 
of Iron vertically, the magnetic Matter proba- 
bly runs along through the Iron while it iſſuez 
out of the Earth with Impetuoſity, and by the 
Violence of its Action it makes two Poles, the 
one in the lower End, and the other in or 
towards the upper End. 

Eud. The attractive Virtue of a Tool, which 
cuts or bores Iron, is augmented under the 
repeated Blows of the Hammer. 

Ariſt. Under each Blow ſome new Matter 
being forced to penetrate the Tool, enlarges 
the open Paſſages, and opens itſelf new ones; 
and a more abundant Circulation increaſes the 
attracting Power. 

Eud. After a certain Number of Operations 
and Efforts, it is augmented no more. 

 Arift. The magnetic Matter finding at laſt 
a ſufficient Number of Paſſages in the Steel, it 
more eaſily follows the firſt, than it opens new 
ones for itſelf; and as the Vortex does not in- 
creaſe any more, the Force is not augmented, 

Eud. Sometimes the Blows of the Hammer 
_ Iron loſe the Virtue of Attraction forth- 
with. 

Ariſt, That is, becauſe they immediately 
ſtraiten or ſhut up the Paſſages of the magne- 
tic Matter. 


Eud. 


beds "Os 


. ̃ - 


Upon the Loadſtone. 223 


Eud. Iron, which retains its Force, bears 
more Weight near a great Maſs of Iron, than 
when it is near a Bar. 

Ariſt. The great Maſs, having a greater At- 
moſphere, yields more magnetic Matter, and 
conſequently more Force. 

Eud. An Iron-Wire, about the Thickneſs 
of one's Finger, and rendered magnetic by 
breaking, acquires ſo much the more Force, 
the greater Number of Places it is bent and 
twiſted in i. 

Ariſt. More Paſſages are opened for the 
magnetic Matter. 

Eud. Too many Inflections make the Iron- 
Wire loſe its Force. F 

Ariſt. Too many Inflections expel the mag- 
netic * or cy or ſtop its Pagen mY 

Eud. An Iron-Wire ſtruck with the Blows 
of an Hammer, does not become Magnetic. 

Ariſt. The Wire being narrow and almoſt 
equally compreſſed in thoſe Parts where it has 
received the Blows, has no longer any conve- 
nient Place left in it for the magnetic Matter, 
wherein it may be lodged, or through which 
it may pals. | 

Eud. But a large Bar becomes magnetic 
under the Hammer, if one ſtrike it with 
the ſmalleſt End of the Hammer only in 


the Middle, or near one of the Edges of the 


Bar. 


i Mem. de Acad. 1723. p. 94. 
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Ariſt. In this Caſe the expelled Matter til! 
finds a Lodging in the Iron, and a Place which 
affords it a free Paſſage. : | 

Eud. But why do thoſe Tools become mag. 
netic which cut Iron while cold, and not thoſe 
which cut it while hot? 

Ariſt. As the Fire dilates the Pores of red. 
hot Iron, the Point or Edge of the Tool does 
not ſtraiten the magnetic Matter, nor Force it 
to paſs into the Tool. 

Eud. But finally the Tool, which cuts or 
bores red-hot Iron, loſes its attractive Virtue, 

Ariſt. That is probably becauſe in the Adi- 
on the magnetic Matter paſſes with more Faci- 
lity into the hot Iron, and quits the Steel; or 
becauſe the Heat diſorders the Parts, and ſtops 
up many Paſſages of the Steel. 

Eud. From theſe ſurprizing Effects of Com- 
munication let us paſs, Ariſtus, to Inclination, 
Inclination is a Situation wherein one of the 
Poles of the Loadſtone, or elſe of a Body 
touched with the Loadſtone, inclines more 
than the other toward the Earth. This Pro- 
perty will be better manifeſted in a magnetic 
Needle, than in the Loadſtone itſelf. There- 


fore let us place horizontally, = two ſmall 


Props, a Needle bored through the Middle, 
at right Angles, by a ſmall Braſs Wire, which 
ſerves to ſupport it. The Needle is moveable, 
and in Ægquilibrium; I make the Loadſtone 
paſs over it, from one End to the other, from 


North to South; the End which faces the 
North, 
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North, or the meridional Pole of the Needle, 
far from pointing to the polar Star, falls and 
deſcends. The magnetic Needle, which guides 
our Veſſels, is differently inclined in different 


Countries. 


Ariſt. The magnetic Matter enters or comes 
out more eaſily, more ſwiftly, and more ab- 
undantly through the Poles of the Loadſtone, 
than through its Equator, ſince there is a great- 
er Force in its Poles. I ſay the ſame likewiſe 
of the Poles of the Earth; in ſhort, the mag- 
netic Matter circulates from one Pole of the 
Earth to the other. This being granted, when 
the Load{tone has paſſed over an horizontal 
Needle in Northern Countries, the Matter 
which iſſues out of the North Pole of the 
Earth, flows abundantly into the South Pole 
of the Needle. Now if the Matter paſs more 
eaſily from the South Pole of the Needle into 
the North Pole of the Earth, or in greater Ab- 
undance from the North Pole of the Earth 
into the South Pole of the Needle, its South 
Pole ought to incline to the Horizon. The 
Matter which paſſes more eaſily from this Pole 
into the Earth, takes a Direction toward the 
Earth in its iſſuing out, and gives it to this 
Pole by ſtriking it, and driving out more Air 
from between the Earth and it: The Matter 
which paſſes more abundantly from the Earth 
into the fame Pole in circulating, produces the 
ſame Effect in its Entrance, it being reflected 


by the ſuperior Air. 
Vor. I. . Lud. 
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Eud. In a Word, if I place the North Pole 
of this Loadſtone under the South Pole of the 
Needle, it is inclined to the Horizon. If ] 
place the South Pole of the Loadſtone under 
the North Pole of the Needle, it alſo is inclined 
in its Turn. Hence when our Veſlels come 
from North to South, or from South to North, 
the Needle of the Compaſs is uſually parallel 
enough to the Horizon under the Equator. 
But in Proportion as one advances from the 
Equator toward the North, the South Pole of 
the Needle is inclined; and in Proportion as 
one advances from the Equator toward the o- 
ther Pole of the Earth, the North Pole of the 
Needle is inclined: A Situation conformable 
to that of the magnetic Matter, which deſcends 
or aſcends obliquely toward the Poles, and is 
parallel to the Horizon under the Equator, as 
the Matter which makes the Vortex of the 
Loadſtone, and which deſcribes its Way and 
Direction upon the Filings of Steel. But fi- 
nally what is the Declination of the Load- 
ſtone ? 

Ariſt. It is a Motion which makes its Poles 
diverge from North and South toward Eaſt or 
Weſt. 

Eud. In the Beginning of the laſt Age, the 
Declenſion at Paris was from fix to eight De- 
grees from North to Eaſt; in 1640 about three 
Degrees k; In 1650 betwixt five and fix De- 


* Journ des Sgav. 1681. p. 19. 
grees; 
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grees; in 1666 Paris was without any Declen- 
ſionl. In 1681, the Declenſion at Paris was 
two Degrees and 50 Minutes from North to 
Weſtm, In 1684, tour Degrees 10. In 1687 it 
was ſcarcely one Degree n. The 11* of October 
1717, it was 12 Degrees 45 Minutes. The 
16% of July 1728, it was 13 Degrees 50 Mi- 
nutes. From the 16 * of October 1720, to _ 
d of January 1725, 13 Degrees d. Theſe 
— *. oblerved — — Weſt and 
and in the Eaſi-Indies, as here. Some Pla- 
ces are without Declination. The Variations 
are different in different Places. Whence can 
this aſtoniſhing Phenomenon proceed? 
Ariſt. It may proceed from the Changes 
which happen in the Earth. New Mines of 
Iron, old Mines exhauſted, Mines differently 
fituated, the Configuration of the Pores being 
changed toward the Surface of the Earth, by 
the Action of ſubterraneous Waters or Fires, 
all this may vary the Courſes of the magnetic 
Matter; and the Variety of thoſe Courſes, their 
different Direction, ought naturally to cauſe a 
Difference in the Direction of the magnetic 
Needle. Should there come more magnetic 
Matter, or with more Force from one Side, 
the Needle would be carried that Way. Pre- 
ſent to it two Loadſtones, one of which is 


| Hiſt. de TAcad. 1712. p. 20. Journ. des Scav. 1681, p. 19. 
m Journ. des Sgw. 1681. p. 19. n Journ. des Sgav. 1687. 
p. 93. » Mem. de VAcad. 1724. p. 8. 1725. p. 5. 
P Hiſt. de Acad. 1685. p. 248. 


Q2 ſtronger; 
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ſtronger; and you may ſee it decline toward 
the ſtronger. 

A Spaniſh Author, who was returning from 
Peru into Spain, having gone down into an 
excellent Mine of Loadſtone, compoſed of two 
principal Veins which croſſed one another, and 
one of which was extended from South to 
North, and the other from Eaſt to Weſt, he 
diſcovered in this Mine a Line, which went 
from South to North, and was two Fingers 
broad, where the Needles fixed on the North 
Point. After that he placed them to the 
Weſtward of the Line, and they declined from 
North to Eaſt. At laſt he placed them to the 
Eaſtward of the ſame Line, and he ſaw them 
decline from North to Welt. 

The ſame Author tells us of different Mines, 
which cauſe divers Variations. According to his 
Obſervations the greateſt Part of thoſe Mines 
is upon Coaſts or in Iſlands; and conſequently 
within Reach of acting upon the Needles of 
Veſſels, which are not too far diſtant from 
them. If the Veſſels are too far diſtant from 
them, there is no Cauſe of Variation, and the 
Needles fix toward the North d. 

According to the Obſervations of Father 
Noel, who travelled four Times to China. 

1. At the Cape of Good-Hope the Declinati- 
on of the Loadſtone in 1667, was ſeven De- 


Dom. Franciſco, Journ. des Scav. 1704. p. 364, 5, 6. 
r Journ, de Trevoux 1712. p. 700. 


grees 
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grees 15 Minutes toward the Weſt; in 1702, 
12 Degrees £0 Minutes. In 1706, 13 De- 
grees 40 Minutes. In 1708, 14 Degrees. 

2. The Variation of the Loadſtone is diffe- 
rent in different Places, and paſſes ſucceſſively 
from Weſt to Eaſt, and from Eaſt ro Weſt. 
The Declenſion toward the Welt decreaſes 
continually from Liſbon to the Height of the 
Iſland of Fer; whence the Declenſion paſſes to 
the Eaſt, and increaſes to about 360 Leagues 
from the Cape of Good-Hope. There it returns 
to the Weſt as far as the Height of Madagaſ- 
car; after that to the Eaſt, as far as the nar- 
row Paſs of the Sound; and ar laſt to the 
Weſt, paſſing from this Straight ro Ceilan and 
Goa. Under the Meridian of the moſt ſouther- 
ly Cape of Madagaſcar, making a Tour to- 
ward the South Pole, the Compaſs declines 
more and more toward the Weſt, 20 Degrees 
at the Latitude of 30 Degrees 40 Minutes, and 
36 Degrees at the Latitude of 36 Degrees. 

Theſe Variations do not agree with the Me- 
ridians; and how can they be adjuſted with 
the great Circle of magnetic Matter, in which 
the Mines of Iron and Loadſtone, being ſpread 
abroad in ſeveral Parts, cauſe no Irregula- 
rities? ag 
Eud. The Meſſieurs de la Hire have indeed 
repreſented the Globe of the Earth by a Load- 
ſtone formed round, of 100 Pounds, and al- 
moſt a Foot and an half in Diameter, having 
an Equator and Meridians deſcribed upon its 


Q3 Sur- 


230 CoNxvERSATION XVI. 


Surface. The Needle of a Compaſs, placed 
ſucceſſively upon thoſe different Meridians, 
had ſometimes a Declenſion toward the Weſt, 
ſometimes toward the Eaſt, and ſometimes it 
had none at all *. 

Theſe Variations proceed probably from di- 
vers Mixtures irregularly diffuſed in this Stone, 
Now, is not the Earth and Loadſtone ſtill more 
fixed ? 

In the mean Time Dr. Halles Diſcovery 
concerning the Declination of the Loadſtone de- 
ſerves our Attention. This learned Engliſh 
man found in a Voyage, which he made to 
the South Countries in 1700, in order to 
ſearch out the Truth there, four different Pla- 
ces in which the magnetic Needle did not de- 
cline. 

1. At 18: Degrees of Weſt Longirude, 
reckoning the Longitudes of the Meridian from 
London, at two Degrees of North Latitude, 

2. At four Degrees of Weſt Longitude; at 
37: of South Latitude. 

3. At 10 Degrees of Weſt Longitude ; at 
162 of South Latitude. 

4. At 64 Degrees of Weſt Longitude; at 
31; of North Latitude. 

When he had theſe four Points, he concei- 
ved an Idea of a crooked Line, pretty irregu- 
lar, deſcribing round the terreſtrial lobe, Ke 

Vng on one of its Sides the Places where the 
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5 Hiſt. de PAcad. 1705. p. 8. 
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Declen- 
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Declenſion would be eaſterly, and upon the 
other thoſe where the Declenſion would be 
weſterly. He had the Pleaſure of ſeeing that 
all his Obſervations, during his Voyage, agreed 
with ſo lucky a Thought; and he deſcribed 
this curve Line upon a Map. 

M. Marchais in a Voyage to Guinea and A. 
merica, M. Houſſaye in an Eaſt-India Voyage, 
and M. de May in a China Voyage, found the 
Declenſions of the Needle little differing from 
Doctor Halley's Chart. The ſuppoſed Line is 
moveable, and appears to advance always to- 
ward the Weſt in Regard of us. A French 
Veſſel which went to China in 1710, through 
the South Sea, found another Line without 
any Declenſion, which croſſes the South Sea 
from North to South, much like a Meridian. 
Formerly there was no Declenſion of Needles 
obſerved at the Cape. 

Ariſt. Doctor Halley's Notion appears to me 
very remarkable; but I think there are ſtill 
wanting ſeveral Experiments for illuſtrating 
and confirming it. 

Eud. There is ſo much the more Need of 
them, becauſe in the ſame Place the Declinati- 
on is not equally varied in equal Spaces of 
Time. If one perceive any Species of Progreſ- 
ſion, it is ſtill very imperfect; and the Cauſes 
of the Declenſion which you have mentioned, 
will {till probably prevail for ſome Time. 
We ſhall fay nothing of the Cauſes which 
deſtroy the magnetic Virtue, It is evident that 


Q4 what- 
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whatever may ſtop the Pores of che Loadſtone, 
as Ruſt and Air itſelf, or may change their 
Configuration, as Fire, may deſtroy it But 
before we conclude our Converſation, you muſt 
tell me why the greateſt Part of precious 
Stones, Glaſs, Gum, Spaniſh Wax, Amber and 
Jet being rubbed, attract Chaff and other light 
Things, in ſome Sort imitating the Attraction 
of the Loadſtone. | 

Ariſt. A violent Agitation, a ſort of Heat 
cauſed by rubbing in the ſubtile or fine Mat- 
ter, which penetrates the precious Stones, the 
Glaſs, Sc. makes a kind of Vortex iſſue out of 
them, as out of the Loadſtone, of Matter 
which paſſes more eaſily through Motes than 
Air, and whoſe Celerity at firſt compreſſes and 
expels the Air; but-in a ſhort Time the com- 
preſſed and expelled Air is dilated and becomes 
victorious, drives the Chaft and Mores it meets 
with towards the precious Stones, &c. and ap- 
plies them to the ſame ſo much the more ef- 
fectually, as the Matter which darred from 
thoſe Bodies after rubbing, has communicated 
and loſt the Force which it had acquired in 
the rubbing itſelf; and this is the Attraction 
of precious Stones, Glaſs, Gum, Spaniſh Wax, 
Amber, Jet, &c. 

Eud. Here are many philoſophical Myſte- 
ries happily enough explained, Ariſtus; and 
theſe Illuſtrations will give ſome Light into 
what we ſhall ſay hereafter upon Gravity, and 


other Matters, | 
Ariſt. 
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Ariſt. Gravity is a thorny Subject, but cur 
rious; and I know an excellent Source, whence 
I could draw ſome Light, even before I hear 


you. I ſhall return to your Cloſet, as ſoon as 


poſſible ; ſcarcely am I gone out of it, but the 
Reliſh of Truth calls me back again. 


CoxnversaTion XVII. 


Upon Gravity. 


Eud. J Am miſtaken, Ar:/tus, or you are ſa- 

tisfied with your Knowledge concern- 
ing Gravity. The Pleaſure which Philoſo- 
phers find in Truth, appears in your Counte- 
tenance. It is not a chimerical Pleaſure, but 
philoſophical, modeſt and pure, which is felc 
and appears outwardly without any Alteration, 


either in the Body or Mind. I am impatient 


to ſhare this Pleaſure with you. Therefore 

tell me in the firſt Place what is Gravity. 
Ariſt. The Gravity * of Bodies is the Effort 
which they make to tend toward a common 
Center 


* The Gravity or Weight of Bodies is an accelerating Force ; 
and this Gravity or Weight at the Surface, or at equal Diſtances 
from the Center of the Earth, is directly proportional to the 
Quantities of Matter contained in ſuch Bodies. That Bodies 


preſs 
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Center; as Levity is their Effort to remove 
from it. For they call thoſe heavy Bodies, 
which, whenever at Liberty, move towards x 
common Center as of themſelves. 

Eud 


preſs continually, or tend equally and uniformly to the Center ot 
the Earth, and conſequently, that this Gravity or Weight is an 
equally accelerated Force, is evident to Senfe, as a moſt un- 
doubted Matter of Fact; and it likewiſe farther appears from the 
moſt accurate Obſervations and Experiments. 

Firſt, That the accelerating Velocities, acquired by Bodies in 
their perpendicular Deſcent, reckoning from the Beginning «f 
their Motion, are ever as the Times in which they are acquired, 
and the Spaces deſcribed as the Squares of the Times. 

Secondly, That abſtracting from the Reſiſtance of the Air, 
the Space deſcribed by the perpendicular Deſcent of a Body in 
one Second of Time, is equal to 16,1 Eng/ifp Feet, and for any 
longer or ſhorter Time, as the Squares of thoſe Times reſpe. 
ctively. 

Thirdly, That the Reſiſtance of the Air being taken off, cr 
allow'd for, the accelerating Velocities of all Bodies near the 
Earth's Surface, are exactly equal; the lighteſt Bodies deſcending 
as ſwift as the heavieſt, and the leaſt as ſwift as the greateſt: The 
different Magnitudes, Denſities, and particular Figures, Tex- 
tures and Conſtitutions of Bodies, making no manner of Diffe- 
rence as to their Velocities of Deſcent 3 which in all Bodies alike 
are ever equal, in equal Times, and proportional to the 1 
of thoſe Times. Now ſince the Mamenta or Quantities of Moti- 
on, in Bodies whoſe Velocities are equal, are as their Quantities 
of Matter, and fince the accelerating Velocities of all Bodies 
deſcending by the ſole Force of their own Weight, are like- 
wiſe equal, by what has been juſt now obſerved ; *tis evident 
that the abſolute Momenta, or Quantities of Motion in all ſuch 
Bodies, are likewiſe as their Quantities of Matter: But theſe Ms 
menta, or abſolute Forces of deſcending Bodies, are nothing elle 
but their abſolute Gravities, by which they preſs continually, or 
tend equally and without Intermiſſion to the Center of the Earth; 
and therefore this abſolute Force of Gravity, or Weight in Bo- 
dies, is exactly proportional to their 3 of Matter. 

Corol. From hence it follows, that there are Vacuities or emp- 


ty Spaces in Bodies, For ſince in Conſequence of this Proporti- 
on 


9 
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Eud. Let us ſpeak here only of the Gravity 
of terreſtrial Bodies. We ſhall make our ſelves 
the better underſtood; and what we ſhall fay 
will be of Uſe for comprehending the Gravity 
of all other weighty Bodies. 

Arift. The Gravity of terreſtrial Bodies is 
their Effort toward the Center of the Earth. 

Eud. Do you only acknowledge one Sort of 
Gravity? 

Ariſt. ] diſtinguiſh two Sorts, the one ab- 
ſolute, and the other relative. I call abſolute 
Gravity, the Gravity of a Body, conſidered 
preciſely as the Gravity of that- Body, with- 
out comparing it with the Gravity of any o- 
ther, more or leſs weighty. I call relative 
Gravity, the Gravity of a Body confidered with 
Relation to another more or leſs weighty. 

Eud. But whence proceeds Gravity, whe- 
ther it be abſolute, or relative ? Is the Cauſe 
external to the heavy Bodies? The Antients 
faid, not; the Moderns affirm it; what think 
you? | 


on, the Weight of Bodies is proportional to their Quantities of 
Matter; and ſince upon the Suppoſition of an abſolute Plenum, 
the Denſities of all Bodies muſt be equal, or an equal Quantity 
of Matter every where contained in equal Spaces; tis evident, 
that upon this Hypotheſis, the Weight of Bodies muſt be ever 
2 to their Bulk or Magnitude, and there could be no 

ifference of ſpecific Gravity in Bodies; which being moſt no- 
toriouſſy contrary to Fact, muſt evidently and demonttratively o- 
verthrow that Hypotheſis of an abſolute Plenum, upon which it 
is founded. Morgan's Phil Princ. of Med. p. 8. 


Adrift. 
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Ariſt. A Cauſe, which moves Bodies, is ex- 
ternal to the Bodies; Bodies of themſelves he. 
ing only, each in particular, a Portion of Ex- 
tenſion * indifferent to Motion or Reſt, they 
have no Efficacy, no ſecret Quality, which 
ſhould make them prefer Motion to Reſt. Now 
the Cauſe of Gravity moves heavy Bodies; for 
whenever they are free, you ſee them p 
from Reſt to Motion, you fee them fall: 
Therefore the Cauſe of Gravity is external to 
weighty Bodies. Ws | 
Eud. This external Cauſe, which we do not 
ſee, and which notwithſtanding immediately 
drives Bodies toward the Center of the Earth, 
muſt it not ſtill be the ſubtile Matter; that 
Matter which appeared ſo new to. you, and 
whoſe Idea ſeemed to quicken your Imaginati 
on in our firſt Converſations?  _ 

Arift. That which immediately impels ſen- 
ſible Bodies towards the Center of the Earth, 
is an inſenſible Body. It is a Body, ſince it 
impels, ſtrikes and touches heavy Bodies. Thi 
Body is inſenſible; the Senſes do not perceive 
it. This inſenſible Body is the Air, or ſubtile 
Matter: It is not the Air; we ſee Bodies de- 
ſcend being protruded by an imperceptible 
Force, ſo as no Body can ſuſpect that the Air 
protrudes them. Invert into Quickſilver a Glaſs- 
Tube of fix and thirty Inches, likewiſe full 
of Quickſilver: You may ſee the Quickſilver 


* Rather of Subſtance or Matter, which is not Extenſion itſcll, 
but ſfubliſts in Extenſion, or extended Space. 
deſcend 
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deſcend at leaſt eight Inches; neither is there 
any Air above which can thruſt it downward; 
the Air does not penetrate a Glaſs-Tube. 
Therefore the ſubtile Matter is the external 
and immediate Cauſe of the Gravity of Bodies, 

Eud. 1 acknowledge it, and look upon this 
Reaſoning as a phyſical Demonſtration. But 
the inferior ſubtile Matter, which touches, 
thruſts, and immediately precipitates heavy Bo- 
dies, cannot give them a Direction toward the 
Center of the Earth, without having ſuch an- 
other. Whence hath it one? This is what has 
not been demonſtrated. 

Ariſt. Probably it has it from the two Vor- 
texes of the ſuperior ſubtile Matter. In one 
of thoſe two Vortices the ſubtile Matter turns 
round about the Axis oſ the Earth, and in the 
ſecond, from one Pole toward the other. 

Eud. Have not theſe two Vortices a great 
Appearance of being the Work of a lucky Ima- 
gination ? 

Ariſt. The firſt Vortex is not imaginary ; I 
prove it. The Moon turns round the terre- 
ſtrial Axis, always ſurrounded with ſuhtile or 
#therial Matter. For the Light of the Sun 
being reflected by the Moon ſtrikes our Eyes. 
The Matter, in which the Moon ſwims, turns 
about with it; otherwiſe the Moon finding 
always ſome Reſiſtance in the Liquid, which 
it muſt cut through and divide, would com- 
municate and loſe its Force every Moment, and 


＋ See Notes Coxversart. XV. Vol. III. 
at 
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at laſt would ceaſe to run over the Heaven, a3 
it has done with equal Pace for the Space of 
ſix Thouſand Vears paſt. Now the celeſtial 
Matter, which contains the Moon in its Bo- 
ſom, cannot turm round with it about the Earth, 
unleſs the firſt Vortex be real. 

The ſecond Vortex is no more imaginary 
than the firſt. A magnetic Needle, as well as 
the Loadſtone at Liberty, has two Extremities, 
two Poles, which ſeem always to ſearch out 
the Poles of the Earth with ſome Inquietude, 
The Needle has not this Direction of itſelf, 
being only a Portion of Matter very indiffe- 
rent of itſelf to all imaginable Directions. It 
muſt conſequently receive it immediately from 
ſome agitated Matter, which has a conſtant 
Direction from one Pole of the Earth to the 
other, as you made me obſerve when you diſ- 
courſed of the Loadſtone. This Matter being 
agitated from Pole to Pole, is either the Air or 
ſome finer Matter, ſome ſubtile Matter, ſince 
it is an imperceptible Body. It is not the Air; 
the Air has no conſtant Direction, but is in- 
differently carried toward a Thouſand Parts at 
the Pleaſure of the Winds: Therefore it is a 
finer Matter, a ſubtile Matter, which circu- 
lates from Pole to Pole. And here is the ſe- 


cond Vortex of ſubtile Matter as real as the firſt. 

Eud. I muſt indeed at laſt acknowledge your 
two Vortices, which croſs one another in ſuch 
Sort, that the one ſeems to paſs wholly under 
the other, as to penetrate it much after the 


ſame Manner as Water penetrates a long 15 
0 


Upon Gravy. 239 


of Bullets which it croſſes. But after what 
Manner do thoſe Vortices give the ſubtile Mat- 
ter, which immediately encompaſſes us, the 
Direction which it gives us toward the Center 
of the Earth? | 

Ariſt. 1. The Vortex, which turns round 
about the Axis of the Earth, gives the ſubtile 
Matter that is a little groſſer, a Direction 
perpendicular to the terreſtrial Axis; for ac- 
© cording to the general Rule of Motion, when 
many unequal Bodies turn all round at the 

ſame Time about a common Center, thoſe 
which have the greateſt centrifugal Force, or 
which are fitteſt for Motion, prevail over the 
S weaker, and precipitate them toward the Cen- 
ter of their Motion. 2. The Vortex which 
& paſſes through the Poles, and carries along an 
T infinitely fine Matter from Pole to Pole, gives 
W this Matter a Direction almoſt parallel to the 
Axis of the Earth. The inferior and groſſer 
Matter, having one Direction perpendicular, 
and another parallel, in order to obſerve the 
W third general Rule of Motion, takes a Middle 
Direction, deſcribes a Diagonal which directs 
it toward the Center of the Earth, and toward 
chis common Center it thruſts all that it en- 


counters in its Way; fo that groſs Bodies, which 


formerly were carried toward the Center of 
che Earth by a ſecret Sympathy, in order to 
reſt quietly there, no more go or tend thither, 
but only as they are forced by the Efficacy of 
che fineſt Matter. | 


7 Eud. 
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Eud. The ſubtile Matter which ſurrounds 


us, receiving two Directions, the one perpen- 
dicular to the Axis of the Earth, and the o- 
ther horizontal or parallel, from the two Vor- 
tices which croſs one another, takes a middle 
Direction which carries it toward the Center, 
whither its Action thruſts the Bodies which it 
encounters. Such, you ſay, is the Cauſe of 
Gravity. For my Part, I believe that the Ac. 
tion of the Stars, whoſe Light ſtrikes our 
Eyes, and the Refractions which the ſubtil 
Matter ſuffers in the Atmoſphere, may contri 
bute to that, and ſecond your Sentiment ; the 
Hypotheſis is ingenious: but an ingenious Hy. 
potheſis is an Hypotheſis in the Air, and fall 
to the Ground, if it do not explain the diver 
Effects of Gravity. 

In a Tube hermetically ſealed, agitate and 
mix together pounded Glaſs, Oil of Tartar, 
Spirit of Wine, and Oil of Peter; then let them 
alone, and you will quickly ſee thoſe four differ- 
ent Species of Bodies diſintangled from one an- 
nother, ſeparated, . moved, and placed above 
one another, the Oil of Peter above the Spirit 
of Wine, the Spirit of Wine above the Oil of 
Tartar, and the Oil of Tartar above the pound- 
ed Glaſs, What is it that makes this Diſcern- 
ment? Muſt it ſtill be the ſubtile Matter! 
Would it ſeek out and diſintangle the Particles 
of every Species in order to unite them again, 
and place every Species exactly in its Rank? 


Ariſt. 
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Ariſt. The more Solidity Bodies have, the 
fewer are their Interſtices; the fewer Interſti- 
ces they have, the fewer free Paſſages they at- 
ford to the ſubtile Matter; the fewer free Paſ- 
ſages they afford it, the more Blows they re- 
ceive from it; the more Blows they receive 
from it, the more they are impelled towards 
the Center of the Earth; the more they are 
impelled towards the Center of the Earth, the 
more relative Weight they have; and in. Pro- 
portion to their relative Weight, they are placed 
below others. 

This being granted, the ſubtile Matter meet- 
ing with more Solidity in the pounded Glaſs 
than in Oil of Tartar, more in Oil of Tar- 
tar than in Spirit of Wine, more in Spirit of 
Wine than in Oil of Petre, ſtrikes, impels, and 
precipitates the pounded Glaſs more effectually 
than Oil of Tartar, Oil of Tartar than Spirit 
of Wine, and Spirit of Wine than Oil of Pe- 
tre. Hence the pounded Glaſs is placed at the 
Bottom, and over the Glaſs Oil of Tartar, Sc. 
as the Earth, by the ſame Reaſon, is placed 
immediately under the Water, the Water un- 
der the Air, and the Air under the Fire. Thus 
che ſubtile Matter, making Uſe of the Moti- 
on which it has received from God, and which 
he continues to it, and ſtriking divers Bodies 
more or leſs, according to the different Texture 
of their Parts, unravels a Chaos, and compo- 
ſes a kind of little World in a Glaſs- Tube. 


Vol. I. 1 Eud. 
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Eud. You are going on to diſcover infalli- 
bly in your ſubtile Matter, why, the Bulk be- 
ing ſuppoſed equal, Gold weighs more than 
Mercury or Quickſilver, Mercury more than 


Lead, Lead more than Silver, Silver more than 


Copper, Copper more than Iron, Iron more 
than Pewter, Pewter more than Marble, and 
Marble more than common Stones, &c. 
Ariſt. The Texture of the Parts being more 
compact in Gold than in Mercury, in Mercu- 
ry than Lead, in Lead than Silver, in Silver 
than Copper, in Copper than Iron, in Iron 
than Pewter, in Pewter than Marble, in Mar- 
ble than common Stones, &c.. the Gold re- 


ceives more effectual Blows, more Force than 


Mercury, Mercury than Lead, Sc. and it 
communicates and loſes leſs of its Force, ha- 
ving leſs Surface in Proportion to its Ma 
Hence Gold makes more Effort than Mercu- 
ry, Mercury than Lead, &c. in order to with- 
draw itſelf from the Blows of the ſubtile Mat- 
rer and to reach the Center of the Earth. Thus 
I think we have the Reaſon why Gold is heay- 
ier than Mercury, Mercury than Lead, &c. 

Eud. You will have the Action of your im- 
perceptible Matter, and the Texture of the 
Parts unequally compacted to make rhe Inc- 
quality of Gravity in Gold, Mercury, &c, But 
whence comes the Inequality of Velocity in 
the Fall of Bodies equally compacted, but of 
unequal Bulk? 


Ariſt 
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Ariſt. Thoſe whoſe Bulk is greater, have 
leſs Surface in Regard of their Maſs; having 
leſs Surface they encounter, in their Fall, few- 
er Parts of Air to drive away 1n order to reach 
the Center whither they tend; meeting with 
leſs Obſtruction, they communicate leſs of the 
Force which they received from the ſubtile 
Matter; the leſs they communicate of ir, the 
leſs they loſe ; the leſs they loſe of it, the more 
they retain ; the more Force they retain, the 
more ſwiftly they move. Thus you have the 
principle from which proceeds the Inequality 
of Velocity in the Fall of Bodies. | 

Eud. It ſeems, this Inequality of Velocity 
ought to be obſerved alſo in the Fall of the 
ſame Bodies, in the open Fields, and under a 
Vault. 

Ariſt. Not at all; the Subtlety of the ſub- 
tile Matter makes it find in a Vault Millions of 
free Paſſages in order to precipitate downward 
groſs Bodies with the ſame ſenſible Celerity, as 
in the open Fields; and this has nothing in it 
which ought to ſurprize a Philoſopher. Pur a 
Plate of Copper between the Loadſtone and 
Compaſs. Make the Loadſtone turn about 
rapidly upon its Center. The Needle turns 
about with the ſame ſenſible Velocity, as if 
nothing had been pur between it and the Load- 
ſtone. What makes it turn round? Is it not 
the Action of an infinitely fine Matter, which 
comes out of the Pores of the Loadſtone, and 
paſſing through thoſe of the Copper, gives the 

R 2 Needle, 
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Needle, of itſelf indifferent and quiet, a circu- 
lar Motion, which makes it ſearch out the 
Poles of the Loadſtone, that flies from it, with 
ſo much Inquietude and Celerity? 

Eud. Plaufible Reaſons never fail you; but 
agree to it at laſt, that Bodies melted or cal- 
cined ought to weigh leſs than before. For 
after having loſt by the Violence of Hear, a 
Quantity of ſolid Particles which are exhaled in 
Smoak, they give leſs hold to the Strokes of 
the ſubtile Matter. Notwithſtanding, Lead 
and Pewter being melted, and Regulus Antimonii 
being calcined, far from loſing this Weight, 


acquire more. 


M. Duclos of the Academy of Sciences re. 


duced in a Marble Mortar, a Pound of Regu- 
lus Antimonii to Powder. This Powder they 
expoſed to the Rays of the Sun in an earthen 
Por, and then they ſet Fire to it by Means of 
a burning Glaſs. A thick and whitiſh Smoak 
came out of it; and an Hour after the Powder 
was reduced into a ſort of Aſhes, which, not- 
withſtanding the Evaporation of a thick 
Smoak, was a tenth Part heavier than it was 
before t.. M. Homberg made the ſame Experi- 
ment with the ſame Succeſs". Bricks alſo be- 
come more weighty in the Fire x. 


t Chimie de Lemeri, c. 5. Hiſt. de I Acad. 1667. u Mem. 
de PAcad. des Sciences, 1705, p. 94. * Bib. univ. & Hill. 
1689, T. IX. p. 430. . 


Such 
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Such Experiments ſeem made to take away 
from ſubtile Matter, light as it is, the Glory of 
cauſing the Gravity 0 Badies. 

Ariſt. Such like Experiments, in which ſub- 
tile Matter itſelf has ſo great a Share, have 
nothing in them which ought to deprive it of 
the Poſſeſſion it has of the Power of fixing us 
here, at leaſt for ſome Time; without which 
the Curioſity of our Minds would make our 
Bodies travel into the Planets, before we attain 
to the Knowledge of the Earth itſelf. It is 
ſufficient for this Sort of Experiments that a 
great Number of heterogeneous Parts, agitated 
in Bodies before melting or Calcination, are 
evaporated and diſſipated by the Heat; or that 
loſing by the exceſſive Agitation their Figure 
proper fe Motion, they are intangled in one 
another, and fixed by the Inequality of their 
Particles, or by the Cold which ſucceeds the 
Heat. Being agitated before melting or Cal- 
cination, they ſupported and ſuſtained the ſolid 
Particles againſt the Strokes of the ſubtile Mat- 
ter, and blunted its Force. Being diſſipated 
by melting or Calcination they. ſupport them 
no longer. Being fixed they receive themſelves 
without any Reaction, the Strokes which ren- 
der Bodies heavy. The want of Motion, or 
Fixation of the heterogenechs Parts contributes 
more to the Weight than did the agitated 
Parts, which are evaporated and diſſipated. 
Hence this Exceſs of Weight in Bodies dimi- 
niſhed in their Maſs and Bulk. In ſhort, the 
R 3 Weight 
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Weight of Orpine, which is a ſort of Colour 
for Painters, being fixed with Salt of Tartar is 
augmented a fifth Part; and any Body knows 
that cold Water is heavier than hot Water 
which is more agitated. 

Does not this Reaſon ſatisfy? One may ſay 
that certain Corpuſcles of Sulphur happen to 
be attached to Bodies, which increaſe in 
Weight, while they are melting or calcining; 
Corpuſcles of the Colour of Aſhes have been 
ſeen attached to the Regulus Anti monii when 


inflamed y, let it be the Air or Fire that fur- 


niſhes ſuch Sort of Corpuſcles. 

Eud. You render whatever you pleaſe pro- 
bable, and I muſt at laſt go into your Senti- 
ment concerning the Cauſe of Gravity. 

Ariſt. 1 believe, Eudoxus, it will not coſt 
you much to think upon this Head as I do; 
you know whence I have drawn what I have 
ſaid concerning it. | 

Eud. You imitate the Bees; you know how 
to improve and make your own what you find 
elſewhere. 

Ariſt. Explain your ſelf upon the Rules of 
Gravity ; and you will tell me Truths much 
more agreeable than all your Compliments. 

Eud. To explain my ſelf upon theſe Rules, 


I ſhall firſt diſtinguiſh three Sorts of Centers; 
the Center of Bigneſs or Figure, the Center of 
Weight or Gravity, and the Center of heavy 


7 Hiſl, de l' Acad. 1667. p. 14. 


. 


rr 


Bodies. 
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Bodies. I call the Center of Bigneſs or Fi- 
gure, that Point in heavy Bodies which is e- 
qually diſtant from all the oppoſite Points of 
the Circumference. I call the Center of Gra- 
vity, that Point in a heavy Body which is ſi- 
tuate after ſuch a Manner that the oppoſite 
Parts which ſurround it are in Æquilibrium, 
whether they be equally diſtant from this 
Point or not. Hence the Centers of Bigneſs 
and of Gravity are not always united in the 
ſame Point; they would not be ſo in a Ball 
half Iron, and half Ivory. Finally, the Cen- 
ter of heavy Bodies 1s a common Point whi- 
ther thoſe Bodies tend, as of themſelves; ſuch 
is the Center of the Earth. 

Imagine now a ſtrait Line drawn from. the 
Center of Gravity, to the Center of heavy Bo- 
dies; this is called the Line of Direction, be- 
cauſe it directs, in ſome Sort, the natural Mo- 
tion of heavy Bodies toward their common 
Center. Is a Body removed from this Center ? 
It aſcends. Does it draw near it? Ir deſcends. 
This is ſometimes by a plane vertical or per- 
pendicular to the Horizon, and ſometimes by 
an inclined Plane. This being granted, let us 
ſee Bodies deſcend, and we ſhall always find 
them faithful in obſerving certain Rules pre- 
{cribed by Nature. 

Rule I. If the Center of Gravity can- 
not deſcend, the heavy Body does not de- 
ſcend. But whenever the Center of Gravity 
can deſcend, the Body deſcends; becauſe the 
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Parts, which are round about the Center, are 
in Aguilibrium, joined and faſtened in ſome 
Sort with the Center, 

Rule II. Does the heavy Body deſcend free. 
ly? It never leaves the Line of Direction; 
why? Becauſe the Cauſe of Gravity, which 
gives it a perpendicular Direction, endeavours 
to maintain it therein, and no Reaſon removes 
it from it; the oppoſite Parts, which ſurround 
the Center of Gravity, being all in Æquilibri- 
um by the firſt Rule. 

Rule III. Is not the Deſcent perlecty free? 
The heavy Body moves as little as it can from 
the Line of Direction ; fince the Cauſe of Gra- 
vity gives it every Moment (by the ſecond Rule) 
a perpendicular Direction, which would carry 
it toward the Center by the Line of Direction, 
if no Obſtacle turned it aſide from this Line 
and the Center. 

Rule IV. Should the Center of Gravity not 
be in the Center of Bigneſs, the firſt would 
always be loweſt when the Body deſcends; as 
it will always be higheſt when the Body a- 
ſcends; becauſe it being in that. Caſe in the 
moſt ſolid Part, is alſo in a Part moſt proper 
for Motion. 

Rule V. Let an heavy Body deſcend freely 
or not, by a vertical Plane, or an inclined one, 
ics Motion is accelerated in the Fall; for being 
itruck by the repeated Blows of the ſubrile 
Matter, it acquires every Moment more Force 
than it loſes. Accordingly the Shock is aug- 

mented 


® 
_ 


Upon Gravity. 239 
mented in Proportion to the Height from 
which a Body falls. Burt after what Manner 
is the Motion accelerated? It follows nearly 
the ar ithmetical Progreſſion of odd Numbers, 


I, 3, 5, 7, Sc. So that if in the firſt Inſtant 
it run through a Space of one Foot, in the 


ſecond it runs through about three Feet, in the 


third five, &c. according to the Obſervations 
of Galilæus, and Father Sebaſtian. | 
Thus according to the Experiment of Fa- 


| ther Riccioli, a Ball of Wood, of an Ounce 


and a half, falling from the Height of thirty 
five Inches into one Scale, elevates a Weight 
of five Ounces put into the other Scale; from 
the Height of 140 Inches, a Weight of 20 
Ounces; from the Height of 3 15 Inches, a 
Weight of 45 Ounces; and from the Height 
of 560 Inches, a Weight of fourſcore Ounces *, 
Therefore, &c. x 

In a Word, if by the Force acquired ſucceſ- 
fively in the firſt Inſtant the Body runs thro' 
one Foot, it ought, retaining almoſt the ſame 
Force, to run thro' about two Foot the ſecond 
Inſtant; fince almoſt all the Force acquired in 
the firſt acts during all the ſecond. The ſame 
Body ought to run through one Foot more by 
the new Force which it acquires in the ſecond 
Inſtant. Therefore it ought to run through 
about three Foot in the ſecond Inſtant, and five 
Foot in the third by the ſame Principle, &c. 


z Aſtron. Ref. Journ. des Sgav. 24. Jan. 1667. p. 17. 
Rule 
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Rule VI. When the Motion of a Body i; 


accelerated to a certain Degree, it is accele. 
rated no more; becauſe it then withdraws and 
ſnatches itſelf from the Strokes of the ſubtile 
Matter with ſo much Velocity, that it receive; 
no more Impreſſion than is neceſſary for it; 
deſcending by an uniform Motion with 2 
much Celerity as the ſubtile Matter. 

Rule VII. A Body which deſcends upon an 
inclined Plane, deſcends with leſs Celerity than 
on a vertical Plane: The vertical Plane does 
not ſuſtain it. It is in Part ſuſtained by the 
inclined Plane, which in ſome Meaſure ren- 
ders the Force of Gravity uſeleſs. Thus the 
Stroke of a Body, which comes upon an in- 
clined Plane to ſtrike you, hurts you more 
lightly, and ſo much the more lightly, as the 
Plane is the more inclined. 

At the firſt Opportunity let us enliven our 
Philoſophy a little with reſolving ſome Prob- 
lems, whoſe Solution ought to be the Conſe- 
quence of what we have both ſaid, in this 
Converſation, 


CoNVER- 
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ä herein ſgperal Problems upon Gradi- 
| ty are reſolved. 


End. E know that the Earth is ſphe- 
i rical. Let us imagine it bored 
through from one Point of its Surface to the 
oppoſite Point; and let us place a Man in the 
Boſom of it. Let this Man have his Center 
of Gravity in the Center of heavy Bodies. 
Will he have Need of any Prop to ſupport 
him ? | | 

Ariſt. No certainly, fince the Feet and Head 
will be equally propelled toward the Center. 
But whether will his Feet or his Head be up- 

rmoſt ? 

Eud. Without his being crooked he will 
have both Feet and Head uppermoſt, ſince he 
will have his Feet and Head equally diſtant 
from the Center of heavy Bodies. But what 
Method would you take to make him aſcend 
and deſcend at the ſame Time? 

Ariſt. Let him move his Head from the 
Center, his Feet will approach to it, and he 
will, in ſome Senſe, aſcend and deſcend at the 
ſame 
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ſame Time; ſince to approach to the Center 
is to deſcend, and to move from it is to aſcend 
But I ſuppoſe that this Man having aſcendet 
as far as the Surface of the Earth, is found 3. 
mongſt the Antipodes. How does he remain 
attached like them to the Surface of the 
Earth, the Soles of his Feet being diametrica]. 
ly oppoſite to ours, and his Head elevated to. 
ward Heaven as we are. + 
Eud. This is becauſe the ſubtile Matter 
which ſurrounds the ſpherical Earth, impelz 
them as it does us, and gives them as well x 
us a perpendicular Direction toward the Cen. 
ter of heavy Bodies. But if the Cauſe of Grz 
vity equally ſurround the whole Globe of the 
Earth, the Surface of Liquors ought to be con- 
vex; yet you would ſay that it is a Plane. 
Ariſt. It is convex indeed, although its 
Convexity is inſenſible; for its Parts being e. 
qually preſſed toward the Center of the terre- 
ſtrial Globe, they ought all to approach it e- 
qually, and conſequendy make an Arc, all the 
Points of which being equally diſtant from a 
common Center compoſe a convex Surface, 
But if Bodies are thus preſſed every where to- 
ward the Center of the terreſtrial Globe, how 
are two perpendicular Walls parallel? 


Eud. It being ſuppoſed that the Earth is 
round, they are not indeed really parallel; for 
if both the one and the other ſhould deſcend 
to the Center by a perpendicular Line, they 
would be united together. But if the row 

0 
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of a Needle ſhould happen to be immovable 
in this perpendicular Line, what Weight could 
ic ſuſtain? Sg V 
Ariſt. Being placed below the Center of 
Gravity, it might ſupport an immenſe Weight; 
ſince upon this Suppoſition the Center of Gra- 
vity could not deſcend. But why does an 
immenſe Weight move without Difficulty di- 
vers Ways, when the Center of Gravity is ſuſ- 
pended in the Air? : 
Eud. Becauſe in that Caſe you have neither 
che Inequalities of a rugged Plane to deſtroy, 
W nor the Force of Gravity to overcome. But 
what would happen, if the Center of Gravity 
W were neither ſuſpended nor ſupported? 
Airiſt. It is evident that it would fall; ſince 
che Cauſe of Gravity would puſh it downward, 
and nothing would hinder its Fall; and in its 
Fall it would carry along with it the reſt of 
the Body, according to your firſt Rule of Gra- 
= VILy. | wa 
2 You fee, no doubt, in this Principle, 
why in the Motion of two footed Animals the 
Body inclines and is biaſſed ſometimes to the 
right, ſometimes to the left. | 
Li. This is to the End that the Eine of 
Direction always paſſing through one Foot, 
while the other is in the Air, the Center of 
Gravity, from which the Line of Direction 
proceeds, may be ſuſtained by this Foot. If 
the Center were ſupported by nothing, it would 
fall, and carry along with it the two footed 
7 Animal, 
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Animal, whether rational or not, to the 
Ground. But pray, what is it that teaches the 
little Birds perched upon a Tree in the Night- 
Time to hold faſt the Branch preciſely wich 
one Foot, to draw up the other Foot under 
their Feathers, to carry their Head on the o. 
ther Side, and hide it under the Wing, in or. 
der to ſleep quietly ? 

Eud. It is Nature which teaches them, 90 
the End that the Line of Direction may pak 
through the Foot which graſps the Branch, 
and that the Center of Gravity, ſupported bj 
this Foot, may not diſturb them, nor oblige 
them to interrupt their Sleep, and to fly away, 
in order to avoid falling. 

Ariſt. It is Nature alſo then, which by ſe. 
cret Leſſons teaches Porters and crook'd-back- 
ed Perſons to bend themſelves forward, when 
they have a conſiderable Weight upon their 
Back; or to bend backward when they carry 
a Weight before them, as Perſons do who ar 
in very good Plight of Body, or Women big 
with Child. x 

Eud. Nature makes them ſenſible that they 
ought to take this Situation, that the Line ot 
Direction may paſs through the Legs, and that 
the Legs may ſupport the Center of Gravity; 
without which one might ſee frequent Falls 
more dangerous than diverting. But when 
good Manners incline the upper Part of the 


Body, and bow the Head forward, why _ 
| the 
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the natural Mechaniſm, as well as good Man- 
ners, advance one Foot ? 

Ariſt. They advance one Foot thro which 
the Line of Direction may paſs, and which ſup- 
ports the Center of Gravity, leſt by an Exceſs 
of good Breeding one ſhould throw one's Face 
upon the Earth, as they infallibly do, who 
without any Support, having both their Feet 
againſt a Wall, attempt to take up a Pin, or 
gather a Flower at their Feet. 

Nevertheleſs in a four footed Animal, in a 

Horſe for Example which gallops, the Center 
of Gravity being toward the middle of his 
Belly, ſeems to be ſuſtained by nothing, yet he 
does not fall. Why? 
Eud. In a Horſe which gallops, the Center 
of Gravity, as well as the ſolid Diagonal where- 
in it is found, is ſuſtained by two Legs, the 
right Fore-leg, and the left Hind-leg; or by 
the left Fore-leg, and the right Hind-leg; fince 
both the one and the other always bearing al- 
ternately upon the Earth, ſupport the ſolid Di- 
agonal which goes from a right Leg to a left 
one, and to which the Center of Gravity cor- 
reſponds. | 

Can you tell me with the ſame Facility 
why Bodies, whoſe Baſe is very large, can re- 
main inclined with the greater Safety? | 

Ariſt. Becauſe while the Line of Direction 
paſſes through the Baſe, the Center of Gravi- 
ty being ſupported by the Baſe cannot fall; 
and fo long as it cannot fall, the Parts ſur- 

rounding 
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rounding it remain faithfully attached to it, by 
the firſt Rule of Gravity. Hence the famou 
Tower of Piſa, whoſe inclined Top ſeems 9 
threaten Ruin every Moment, always tang; 
firm, and dares the Efforts of Gravity ani 
Wind. _ | | 
Eud. I adhere to your Sentiment upon thi 
Head. But upon a Plane I give a right Di. 
rection to a Bowl, whoſe Center of Gravi 


does not coincide with the Center of the F. 


gure: Will che Bowl turn aſide or not? 

Ariſt. It will turn aſide; for the half of the 
Bowl, in which the Center of Gravity is not, 
having leſs Maſs, will loſe more of its Veloci. 
ty, and for want of Velocity will force the o- 
ther half, which ought to move more ſwiftly, 
to turn aſide; much after the ſame Manner a; 
the fixt Point, which is at the End of a Rad- 
4s or Spoke, conſtrains the other Extremity eve- 
ry Moment to leave the right Line, in order 
to deſcribe the Arc of a Circle. 

Let us ſuppoſe now that the Center of Gra- 
vity, and the Center of Bulk or Figure, are the 
ſame Thing in the roundeſt Bowl that can be 
made. I place it upon the Edge of an hori- 
zontal Plane perfectly ſmooth: What hap- 
pens? 

Eud. The Bowl, without your impelling it 
the leaſt in the World, will go as of itſelf, but is 
protruded by the ſubtile Matter, towards the 
Middle of the Plane; becauſe the Middle of 


the Plane will be neareſt to the Center of the 
Earth. 
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Earth. For all the Lines or Radii, from the 
Middle to the Extremities of the Plane, will 
be ſo many Tangents, which will remove more 
and more from the Center of heavy Bodies; 
ſo that if one ſhould walk upon this Plane from 
the Middle towards the Extremities, or from 
the Extremities towards the Middle, one ſhould 
deſcend or aſcend inceſſantly upon an horizon- 
tal Plane, This is my Anſwer, I wait for 
yours, 

I throw a Cat from the third Story into the 
Street; the firſt Inſtant of its Fall it has its four 
Feet upward; yet it falls upen the four Feet 
without any Hurt. What is it that gives it 
ſo ſafe a Direction in the Time of falling ? 

Ariſt. That is what I would willingly learn 
from your Mouth. 

Eud. The Cat being ſuddenly ſeized with a 
kind of natural Fear, bends the Back-Bone, ad- 
vances the Belly, ſtretches out Feet and Head, 
as if it attempted to recover the Place whence 
it came; and this gives the Feet and Head the 
greater Force of a Leaver. In this extraordi- 
nary Motion the Center of Gravity aſcends a- 
bove the Center of Figure; but not being ſu- 
ſtained it ſoon deſcends; in deſcending in or- 
der to place itſelf below the Center of Figure, 
according to the fourth Rule, it turns the Bel- 
ly, Head and Feet of the Cat towards the 
Earth; fo that at the End of the Fall the Cat 
finds itſelf at the Ground upon its four Feet, 

Vor, I. 8 and 
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and only runs the more ſwiftly: Thus you 
have the Problem explained. 

Now I fill a Pail with Water; I plunge a 
Staff into it, one of whoſe Extremities is in the 
Middle of the Bottom ; between the other Ex- 
tremity of the Staff and the Handle of the 
Pail I inſert the Blade of a Knife, which leans 
horizontally upon a Table or Plane: Will the 
Pail fall? 

Ariſt. The Pail cannot fall, unleſs the Blade 
be inclined; the Blade cannot be inclined, un- 
leſs the Staff in the Middle of the Pail deſcribe 
an Arc of a Circle, elevating its lower End to- 
ward the Table or Plane; the Staff cannot a- 
ſcend after that Manner, unleſs the Pail aſcend 
with the Water; the Staff, Pail and Water 
cannot aſcend, unleſs the Center of Gravity 
aſcend; the Center of Gravity cannot aſcend, 
ſince the Cauſe of Gravity thruſts it toward 
the Center of heavy Bodies, and no Force 
puſhes it backward: Therefore the Pail of Wa- 
ter will not fall. 

- You know better than I do, that the Pail 
will not fall: But do you know what Method 
muſt be taken to make a Bridge in the Air 
without Pillars, upon which one might walk 
without aſcending or deſcending, although in 
walking one always deſcribed an Arc of a 
Circle. | 
Eud. The Plan of that is very eaſie. Make 
a Vault of Stones in the Air, equally diſtant 


from the Center of the Earth, equally com- 


preſſed 


— e %, A tow 
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preſſed by the Cauſe of Gravity, and equally 
ſupported by one another. Let the Vault en- 
compaſs the whole Earth, as the Ring of Sa- 
turn encompaſſes that Planet, and thus you 
have your Bridge in the Air: You may walk 
upon 1t without aſcending or deſcending, fince 
you will always be equally diſtant from the 
Center of heavy Bodies. 

Ariſt. The Walk would be new; but I 
ſhould find more Pleaſure in hearing you diſ- 
courſe here of the Vibrations of the Pendulum, 
or of this Billiard-Ball ſuſpended. 

Eud. Here is a Pendulum at Reſt in a per- 
pendicular Line, or Line of Direction. I re- 
move it from this Line, carry it to the Right, 
and then leave it to itſelf. The Gravity makes 
it fall, as it were by a ſort of inclined Plane. 
In its Fall it accelerates its Motion (by the fifth 
Rule of Gravity). Having by that Means ac- 
| quired more Force than is neceſlary for re- 
gaining the Line of Direction, from which I 
removed it, it paſſes beyond it and aſcends to 
the left, ſo long as its acquired Force can o- 
vercome the Reſiſtance of the Air and of Gra- 
vity. In aſcending to the left, it deſcribes a 
ſmaller Arc, than in deſcending, becauſe it 
meets with more Reſiſtance. In deſcending, 
it had only the Air to drive away; in aſcend- 
ing, it has both the Air to repel, and the Gra- 
vity to overcome. Being forced to yield, it 
falls back from a leſs elevated Part than the 
firſt Time; it again accelerates its Motion pro- 

8 2 portionally, 
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portionally, and paſſes beyond the Line of Di- 
rection. Having fallen back from a leſs ele- 
vated Place, it aſcends ſtill to a leſs Height, be- 
cauſe it has acquired leſs Force. It falls back 
ſtill, being impelled by the Cauſe of Gravity; 
and by alternate Vibrations, which continue to 
diminiſh, it paſſes and repaſſes the Line of Di- 
rection, till, after having moſt exactly obſerved 
_ Rules of Motion and Gravity, it reſts at 
aſt in the Line of Direction, from which I 
withdrew it at firſt. 

The Vibrations of the ſame Pendulum, whe- 
ther greater or ſmaller, always happen in equal 
Time, at leaſt in the Judgment of the Senſes, 
Remove two equal Pendulums unequally from 
the Line of Direction; then leave them at Li- 
berty; you may ſee them form the ſame Num- 
ber of Vibrations in the ſame Space of Time. 
Whence can that proceed? Becauſe the fame 
Pendulum, when it makes greater Vibrations, 
makes them proportionally with greater Velo- 
city. In a Word, it deſcends from a greater 
Height, and deſcribes an Arc which approach» 
es nearer to the perpendicular, and conſequent- 
ly it deſcends more ſwiftly, accelerates its Mo- 
tion, and runs through a greater Space in the 
ſame Time. Hence the Vibrations of the 
ſame Pendulum, whether greater or ſmaller, 
are ſenſibly formed in equal Times; and Clocks 


with a Pendulum, or which have a Balance, 
are the moſt exact; becauſe all the Vibrations 


of the Balance or Pendulum being of the LO 
| | ES Dura- 


Freer 


Problems upon Gravity reſolved. 26 


Duration, they are fitteſt for dividing the 
Time into equal Parts. Thus nothing is more 
exact than the Clock, which you ſee in my 
Cloſer. Its Motion however ſeems to me too 
precipitate to Day; becauſe it admoniſhes me to 
finiſh a Converſation, in which I find the moſt 
exquiſite Pleaſure. But at laſt, after what we 
have ſaid, one may eaſily comprehend what 
reſpects Gravity and its Effects. Mechanics 
have already ſhewed them us in ſolid Bodies, 
when we were f. pn of the general Prin- 
ciple of Mechanicks ; whenever you pleaſe we 
will ſee them in liquid Bodies. I ſhall be 
pleaſed firſt to know your Opinion concerning 
Liquidity, and then I ſhall tell you mine con- 
cerning the Gravity of liquid Bodies, and laſt 
of all we ſhall diſpute concerning the Æguili- 


brium of Liquors. 
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CONVERSATION XIX. 


Upon the Nature of liquid Bodies. 


. Eud, V HAT is a liquid Body? What 

V is Liquidity? What is the Cauſe 
of it? You are going, Ari/tus, to clear up this 
Matter, and my greateſt Pleaſure is to ſee the 
Truth come from the Mouth of a young Per- 
ſon, who diſcovers ſo conſtant a Zeal for it in 
a Time and Age, wherein Fables have ſo many 
Charms. : 

Ariſt. Upon this Head I ſhall only tell you 
the Opinion of Eugene. I call a liquid Body, 
ſaid he to me yeſterday, a Body whoſe Parts 
yield, without any ſenſible Refiſtance, to the 
Effort which I make in order to ſeparate them, 
and which takes all Sorts of. Figures without 
any Difficulty f. Such are the Air, Water, 
Brandy, Wine, Milk, &c. 

What 


+ A Fluid is a Body whoſe Parts yicld to any Force impreſſed, 
and by yielding are very cafily moved one amongſt another. 
Whence it follows, that Fluidity arijes from this, That the Parts 
do not ſtrongly cohere, and that the Motion is not hindered by any 
Inequality in the Surface of the Parts, as it happens in Powders. 
But the Particles of which Fluids conſiſt, are of the ſame Nature 
with the Particles of other Bodies, and have the fame a 

or 
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What is Liquidity then? It is, continued hes 
a continual Agitation of inſenſible and divided 
Parts; ſuſpend this Agitation, and the liquid 
Body is hardened; by that Means Water be- 
comes Ice in Winter. Reſtore this Agitation 
to the inſenſible and divided Particles; the leaſt 
Effort ſeparates them; no more is required but 
to give them new Directions: Thus the hard 
Body becomes liquid, and Ice is no longer any 
Thing but Water. 

Thus Experience ſufficiently diſcovers a con- 
tinual Agitation of inſenſible Particles in Li- 
quids. For in a Word, Sugar and Salts are 
diſſolved in Liquors, and Liquors receive the 
Colour, Taſte, and ſpecific Virtues of Barks 
and medicinal Plants. This is not done but 
by the Diſorder and local Tranſportation: of 
their Particles. The inſenſible Particles of Li- 
quors cauſe this Diſorder and Tranſlation they 
only cauſe it by Motion; they only give their 
own Motion in order to cauſe it: Therefore 
they muſt be in a continual Agitation, Hence 


for Liquids are often converted into Solids, when there is a more 
ſtrong Coheſion of them, as in Ice. On the contrary melted Me- 
tals give us an Inſtance of a Solid changed into a Fluid. 

Fluids agree in this with ſolid Bodies, vin. That they conſiſt of 
heavy Particles, and have their Gravity, propartionable to their 
Quantity of Matter in any Poſition of the Parts. 

If in the Liquid itſelf that Gravity be not ſenſible, it is owing 
to this, that the lower Parts ſuſtain the upper, and hinder them 
fram deſcending: But it does not follow from thence, that the 
Gravity is taken away; becauſe a Liquid contained in a Veſſel 
will preſs down the End of a Ballance, which carries the Veflel 
in Proportion to its Quantity. Yide Grave/arnge, p. 133. 
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the Mixture of Wine and Water is made with afte 
ſo much Quickneſs, that you would believe the 
Water ſuddenly changed into Wine. 

But whence proceeds, demanded I, this con- 
tinual Agitation of inſenſible Particles? In 2 
Word, what is the Cauſe of Liquidity? I { 
two Cauſes of it, anſwered Eugene, the one in- 
ternal, and the other external. I find the firſt 
in the cylindrick, elliptick, or ſpherical and 
poliſhed Figure of the Particles of liquid Bo- 
dies; and the ſecond in the rapid Motion of 
the ſubtile Matter, which meeting in its Way 
with Particles of a Smallneſs and Figure ſo ſul. 
ceptible of Motion, communicates it to them 
inceſſantly; without which the Air itſelf, which 
encompaſſes us, would in a ſhort Time be- 
come a ſolid Body, wherein every one would 
be much aſtoniſhed to ſee himſelf immovable, 
as in a ſort of Niche or Hole. 

Therefore, ſaid he again, it is the ſubtile 
Matter which gives Liquors the Efficacy they 
have in diſſolving ſo many ſolid Bodies. But 
why does not this matter diſſolve them equal- 
ly without Liquors? Without Liquors, replied 
Eugene, this Matter, by Reaſon of its extreme 
Smallneſs, finds in thoſe Bodies too free Paſla- 
ges, and paſſes through without diſordering 
or hurting any Thing, at leaſt ſenſibly; or be- 
ing too feeble for making itſelf a Paſſage, it 
turns aſide without doing any Damage. But 
in Liquors, it is charged with an Infinity of 
groſſer and more ſolid Particles; being n_— 

ter 
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after that Manner, it makes a Bulk which finds 
le Acceſs into the Pores, unites more Forces, 
ſtrikes more violently, ſhakes and breaks the 
Bonds which hold the Parts united toge- 
ther, and at laſt diſſolves the ſolid Bodies, fo 
as to reduce them to a Liquor. Thus Water a- 
lone paſſes rapidly under a Bridge, and is bro- 
ken againſt a Bark, without damaging either 
che Bark or Bridge; but is it charged with 
groſſer Bodies, Pieces of Timber on Shoals o 

Ice? It ſhatters the Bark, overturns the Bridge, 
and carries Deſtruction and Deſolation every 

where. a 
According to your Principles, replied J, all 

Bodies ought to be changed and corrupted 
ſooner in Liquors than in the Air. Neverthe- 
leſs Cherries, Nuts, Apricocks, and Citrons 
are leſs preſerved in the Air than in Aqua Vite 
and diſſolved Sugar. 

If the Liquor, anſwered Eugene, cannot, be- 
cauſe of its Thickneſs or Figure, penetrate into 
the Pores of a ſolid Body, it cannot diſſolve it; 
it only preſerves it from the Impreſſions of the 
external Air, and maintains it againſt the Ef- 
forts of the internal Air, which continually en- 
deavours to break by its Spring, the ſmall Pores 
which retain it as it were impriſoned in the ſo- 
lid Body. Is the Liquor filtred too eafily in a 
Body? It breaks few Bonds, Parts or Fibres; 
it cauſes little Alteration in it. When it inſi- 
nuates itſelf into the Interſtices charged with 
Salts, and thoſe Salts find themſelves intangled 

in 
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in them like ſo many ſmall Wedges, without 
being able to diſengage themſelves, by Reaſon 
of the Solidity of the Parts which ſurround 
them; theſe ſmall Wedges only give Confi. 
ſtence to the Parts which contain them, and 
which they contain in ſome Sort; they hinder 
the fine Particles of the Liquor from dividing 
thoſe of the ſolid Body, or the Spring of the 
internal Air from breaking them. By that 
Means theſe Salts preſerve Fruits, as common 
Salt preſerves Meat. 

This being granted, the Brandy penetrates 
too eaſily, or does not ſufficiently pene- 
crate certain Bodies, ſo as to damage them: If 
it contains Cherries, Nuts, Apricocks, or Ci 
trons with Sugar, it carries the Salts of the 
Sugar into an Infinity of Pores; thoſe Salts be- 
ing ſunk like ſo many ſmall Wedges, without 
being able to extricate themſelves, only ſerve 
to give Conſiſtence to the Parts, which are be- 
tween them; they ſecure them from the Acti- 
on of the ſubtile Matter, Air and fine Parts of 
the Liquor, Thus Confits of Cherries, Nuts, 
Apricocks, and Citrons, are preſerved in Li- 
quor ; they loſe nothing in it but their Bitter- 
neſs; the Liquor only ſweetens them; being 
imbibed with Salts, which ſtrike the Palate a- 
greeably; far from being corrupted, they are 
rendered only the more delicious, the molt ri- 
gid Philoſophers themſelves being Judges. 

Your ſweet Meuts, replied I ſmiling, appear 


to me to have an exquiſite Reliſh; I love them 
7 ſo 
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o much the more, becauſe you have, as it 
ere, ſeaſoned them with Philoſophy. But a 
ertain Quantity of Water diſſolves preciſely a 
ertain Quantity of common Salt. The fame 
Quantity of Water will however diſſolve till a 
determinate Quantity of Sugar. How is this 
Problem explained upon your Principles? 1. The 
Particles of Water, anſwered Eugene, by their 
WAcitation drive and expel from the Interſtices 
or Pores of different Salts the Air and ſubtile 
Matter; they penetrate into them as ſo many 
Wimall Wedges, divide, break and diſſipate the 
Parts. Here is the Secret of diſſolving. 2, The 
ſame Quantity of Water only diſſolves a certain 
Quantity of common Salt. Why? Becauſe the 
Points of the Water being blunted, by Means 
of their ſtriking againſt the Parts of this Salt, 
find no more Acceſs into its Pores. 3. The 
ſame Water does not yet ceaſe to diſſolve a de- 
terminate Quantity of Sugar. Here is the Rea- 
ſon : The Particles of Water, tho' their Points 
be blunted by diſſolving the Salt, are ſtill fine 
enough for entering with ſome ſort of Violence 
into the Interſtices of the Sugar, whoſe Pores 
are larger: But as they are blunted more and 
more, they become too thick ſor penetrating 
into the Sugar; and the Sugar receives no more 
impreſſion from them. Here is, I think, the 
Solution of the Problem. 0 

But, replied I, ſome Uneaſineſs always ac- 
companies Curioſity. I don't know if I ſuffi- 
ciently underſtood from thoſe Principles how 
liquid 
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liquid Bodies ſometimes loſe their Liquidity, 
why, for Example, Blood let out of the Vein 
ſettles and coagulates. The Liquidity ceaſes 
faid Eugene, in Proportion as the Motion cea. 
ſes, and the Motion is loſt either by the Eva. 
poration of the fineſt Parts, or by the Commu- 
nication, or Mixture of certain Bodies, which 
by their Figure graple, faſten, and retain the 
agitated Particles of liquid Bodies. Is the Blood 
let out of the Veins? The fineſt Parts evapo- 
rate, and others communicate their Motion to 
the Air; the Air is full of Spirits of Nitre, 
which creep into the Blood, contract its Parts, 
and dull their Motion. Thus the Motion is 
loſt; the Blood, which carried Life into the 
whole human Body, thickens, coagulates and 
ſettles; thus it is uſeleſs. Eugene's Sentiment 
concerning Liquidity ſeems to me too natural 
not to be adopted. 

Eud. I adopt it as well as you, and nothing 
agrees better with my Opinion concerning the 
Gravity of liquid Bodies. Some Propoſitions 
will expreſs my Sentiments upon this Head the 
firſt Opportunity. 


CoNvER- 
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CONVERSATION XX. 


Upon the Gravity of liquid Bodies. 


laſt, Eudoxus; I will have the 
Pleaſure of bearing you to Day. Do not fear 


being interruptet. 
Eud, Your Eagerneſs, Ariſtus, animates me 


to enfin my ſelf. 


Axiſt. 'Y fs, had the Patience to hear me 


PRoPosITION I. 


* Liquors weigh r; ſince they afford ſome 
Hold to the Cauſe of Gravity, or to the 
Strokes of the ſubtile Matter, which thruſts 
them, and gives them its Direction toward 
« the Center of the Earth. 

Buy the fame Principle the Air itſelf ought to 
have Weight, but leſs chan ſenſible — | 


t Fluids agree in this with Solids, viz. That they conſiſt of 
heavy Particles, and have their Gravity proportional to their 
Qantity of * in any Polition of the Parts. 


PRoPo- 
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PRO POSITION II. 


« In Liquors, the Weight of the ſuperior 
« Parts is communicated to the inferior Parts. 

Thoſe being impelled by the Cauſe of Gra- 
vity ought to impel theſe. 


PRO POSITION IF, 


If the Imagination divide Liquors of the 
* ſame Species into Parts, Beds, or Surfaces of 
* the fame Bulk; thoſe Parts, Beds, or Sur- 
e faces weigh proportionally as they are farther 
* diſtant from the ſuperior Surface, and nearer 
6 the Bottom. 

Becauſe in Proportion as they are nearer the 
Bottom, and farther diſtant from the ſuperior 
Surface, beſides the Impreſſion which they al- 
ways receive immediately from the ſubtile Mat- 
ter, they are thruſt towards the Center of hea- 
vy Bodies by the greater Number of heavy 
Parts, which cannot paſs through freely, where 
the ſubtile Matter alone would paſs, without 
making ſome Effort. 


The lower Parts ſuſtain the upper and are preſſed by them, 
and this Preſſure is in Proportion to the incumbent Matter, that 
is, to the Height of the Liquid above the Particle that is preſſed; 
but as the upper Surface of the Liquid is parallel to the Hori- 
20n, all the Points of any Surface, which you may conceive with- 
in the Liquid parallel to the Horizon, are equally preſſed. 

* Sce Note on Prop. II. 

Thus 


or 


d- 
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Thus Sea Water is ſo much the heavier, the 
more it approaches the Bottom. They faſten 
to a ſounding Lead, which is of a conſidera- 
ble Weight, and faſtened to the End of a very 
long Cord; they faſten, I fay, to the founding 
Lead a Glaſs Bottle, cylindrical, oval or round, 
empty, ſtopped with a ſealed Stople of Spani 
Wa and FI oſed up with all roffible for 
neſs. The empty Bottle, carried along by the 
Weight of the Sound, deſcends into the Depths, 
Draw it up again, and you will be ſurprized to 
ſee, at leaſt ſometimes, the Bottle almoſt full 
of clear Water extraordinary faltiſh-s, How 
did this Water, clear and fo faltiſh, enter into 
the Bottle? Becauſe the Bottle by Means of its 
deſcending, has been found in Beds ſo weighty, 
that in the exceſſive Compreſſion a Quantity of 
fine, but ſolid Parts of Salt have made a Paſſage 
for themſelves through the Pores of the Bottle, 
and thoſe Points of Salt have carried off into 
the Bottle a Quantity of Particles of Water, 
ſtrictly faſtened and united with. them. 


2 I ſaw a Perſon who made this Experiment. The Bottle had 
deſcended about 200 or 225 Fathoms. 


PRor. 
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PRO POSITION IV. 


ee Divide Liquors into liquid Columns, uni- 
« form and perpendicular: The abſolute 
« Weight of every Column will anſwer to its 
* Height. : i | 
It is ſo much the greater, the higher it is; 
the higher the Column is, the greater Number 
has it of Parts or Beds; and by the third Pro- 
— every Part, every Bed weighs more in 
roportion as it is farther diſtant from the ſu- 
perior Surface, and nearer the Baſe. 
Arxiſt. Well, for once, Eudoxus, I ſhall have 
the il|-natured Pleaſure of ſurprizing you in a 
Fault. From a Tube quadruple in Height 
and full, there would flow in an equal Time a 
quadruple Quantity, or four Times more Li- 
quor; ſince the Cauſe of the Flux, or the Gra- 
vity would be quadruple, and the Effet an- 
ſwers to the Cauſe which produces it. Never- 
theleſs from a quadruple Tube, there only iſſues 
out in an equal Time a double Quantity, or 
twice as much Liquor, © | 
Eud. Tis true, there iſſues out only a dou- 
ble Quantity; but the Effect is nevertheleſs 
quadruple, as its Cauſe is. For a double 
Quantity of Liquor does not flow in equal 
Time, but with double the Velocity; and the 
flowing of a double Maſs with double the Ve- 


b Hiſt, de I- Acad. An. 1668. 
| locity 
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locity is a quadruple Effect. This Flowing, 
this Effect, is the Motion which reſults from 
two Degrees of Maſs, and two Degrees of Ve- 
locity; and this Motion is four Degrees, ſince 
Motion is meaſured both by the Velocity and 
the Maſs, and is the Product of the one multi- 
plied by the other. 

Should a Force of one Degree make one 
Inch of Water iſſue out in an Inſtant, a Force 
of four Degrees will only make two Inches 
run out in an Inſtant; for two Inches of Wa- 
ter flowing in an Inſtant, and conſequently with 
a double Velocity, or two Degrees, afford four 
Degrees of Motion, if you multiply them by 
one another; and theſe four Degrees of Moti- 
on are an Effect which anſwers to a Force of 
four Degrees. 

Ariſt. If a Force of one Degree make ap 
Inch of Liquor run out of a Tube in an In- 
ſtant, is it not natural that a Force of four De- 
grees make four Inches run out in an Inſtant ? 

Eud. Not at all. A Force of four Degrees 
would produce an Effect of 16 Degrees; for 
the four Inches of Liquor would nor iflue out 
in an Inſtant, but with a Velocity of four De- 
grees, which multiplied by the four Inches of 
Liquor, would afford 16 Degrees of Motion. 
But a Force of four Degrees does not produce 
an Effect of 16 Degrees; the Force or Cauſe is 
not leſs than its Effect. Therefore though a 
Force of one Degree make an Inch of Liquor 
run out of a Pipe in an Inſtant, it is not natu- 
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ral that a Force of four Degrees make four 
Inches of it run out in an Inſtant. After this 
you may give your ſelf up to the ill-natured 
Pleaſure of ſeeing me in an Error. 

Ariſt. I love better to indulge the Pleaſure 
of ſeeing at laſt why I was deceived. 

Eud. Let us go on to explain my Sentiment, 


PRO POSITION V. 


te While the abſolute Gravity of the Co- 
« lumns of a Liquid makes them tend down- 
« ward, all their inſenſible Parts thruſt one 
« another every Way, toward all the imagina- 
« ble Parts of the Univerſe “. 

For, 1. The Motion or Agitation, which 
makes the Liquidity of liquid Bodies, forces 
their inſenſible Parts to thruſt one another after 
that Manner. 2. The inferior Parts being 
compreſſed by the Weight of the ſuperior, like 


* The Preſſure upon the lower Parts, which ariſes from the 


. Gravity of the ſuperincumbent Liquid exerts itſelf every Way, and 


every Way equally. | 
Which follows from the Nature of a Liquid, for its Parts yield 


to any Impreſſion, and are eaſily moved; therefore no Drop will 


remain in its Place, if whilſt it is preſſed by a ſuperincumbent 
Liquid it is not equally preſſed on every Side ; But it cannot be 
moved on Account of the neighbouring Drops, which are preſſed 
in the ſame Manner, and with the ſame Force, by the ſuperin- 
cumbent Liquid; and therefore the firſt Drop is at Reſt, and e- 
qually preſſed. on all Sides, that is, in all Directions. 

Corel. Hence it follows, that a// the Particles of Liga ids are 
preſſed equally on all Sides, and therefore are at Reſt; and that 
they do not continually move among themſelves, as ſeveral have 
ſuppoſed. Grave/ands's Elem. V. I. p. 136. 
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ſo many little Balls full of Air, and contracted 
by a foreign Force, inceſſantly endeavour to 
extend themſelves, and by the Efficacy of their 
Spring thruſt the adjacent Parts on all Sides, 
Fig. 19. Hence, 

I, Pierce the right or left Side of a Caſk, 
and the Wine will flow immediately. The 
Reaſon is not becauſe irs Confinement in the 
Caſk is troubleſome to it; it finds itſelf no bet- 
ter in Mens Bodies than in the Caſk; the Caſk 
preſerves it, and Mens Bodies corrupt it. What 
is it then that determines it to flow? It is the 
univerſal Impreſſion of its Parts; thoſe Parts 
being impelled to the right and left,. not only 
by their Motion of Liquidity, but alſo by the 
Spring of the internal Air, and by the Preſſure 
which proceeds from the Gravity, and being 
always ſubject to follow the third Rule of Mo- 
tion, are darted into the Air, becauſe there they 
find leſs Oppoſition to their Direction. 

2. Should a Dyke happen to be broke down, 
the Water of a River is turned aſide, and leaves 
its Channel by the ſame Reaſon; the Water of 
a Pond which appeared immovable, is ſpread 
abroad in great Surges as of itſelf, overflows 
the Fields, and carries either Devaſtation or 
Fruitfulneſs round about. 


3. Should a lively and clear Water, which 


ſprings out of the Brow of a little Hill, or 
from the Top of a Mountain, come by ſubter- 
raneous Channels to embelliſh our Gardens; 
whenever it is at Liberty, you may ſee it ſpring 
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up into the Air. The Action of Gravity made 
it at firſt deſcend from its Source; ſince its 
Parts being compreſſed by the Action itſelf of 
Gravity, and impelled a Thouſand Ways, fol- 


low the Direction of Channels parallel to the 


Horizon, and where the Reſiſtance is leaſt, till 
at laſt finding a free Paſſage, but exactly in a 
perpendicular Direction, they lay hold on it 
by the ſame Principle: And as by the fourth 
Pro poſition they have a Force proportional to 
the Height of the Water which deſcends and 
preſſes them by its Gravity, they are rapidly 
darted into the Air; one would think they en- 
deavoured to join their Source again; at leaſt 
they want but little of reaching the Level. 

Ariſt. But why does not Water riſe as far 
as the Level itſelf of its Source ? 

Eud. 1. The Water loſes of its Force in the 
Channels by Friction. 2. When it ſprings up, 
the Reſiſtance of the Air divides its Parts; its 
Parts being divided, have thereby a larger Sur- 
face in Proportion to their Maſs; having a 
larger Surface they ineet with more Air in 
their Direction, and loſe ſo much the more of 
their Force, the more they are obliged to di- 
vide it. 

3. The Water which ſpouts up, falls back 
upon that which follows it, and weakens it 
by its Fall; and this hinders it from recover- 
ing the Level of its Source. | 

Would you be ſurprized now to ſee a Di- 


ver walk compoſedly to the Bottom of - 
ca, 


0 
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Sea, as we do here, in Order to ſeek Pearls, 
and to caſt his Eye upon all that is round 
about him without feeling the Weight of the 
Water, even when he happens to be under a 
Veſſel of a hundred Guns, and of a Crew of 
five Hundred or a Thouſand Men +? 


+ The Cauſe of this is excellently well explained by Fo. 4/ph. 
Borellus de Motibus Natur. in Gravitate factic. Prop. 29, &c. 
After he had ſhewn, that Sand in a very ſtrong Veſſel, cannot 
any Way be divided, and that a Wedge will by no Means enter 
into it; and alſo that Water in a Bladder, equally compreſſed 
on all Sides, can neither be ftreightened nor bent, nor at all 
moved: So liſetviſe, ſays he, in the Body of an Animal, there is 
contained within the Skin, ſome Parts which are hard and ſolid, 
ſuch as the Bones; others that are ſoft, ſuch as the Tendons, 
Neroes, Membranes and Muſcles; and others that are fluid, wa- 
try or oily. Now the Bones in an Animal cannot be broken or diſ- 
jointed, unleſs the incumbent Weight prefſes one Way only, as it 
does on Porters: But if the Preſſure diffuſes itſelf all round, ſo 
as to preſs upwards and downwards, and ſideways, with equal 
Force, ſo that there be no Part of the Skin but tohat is preſſed, 
then it is impoſſible, that any Thing ſhould be ſeparated or put out 
of the Way. The ſame may be ſaid of the Nerves and Muſcles, 
which though they be ſoft, yet becauſe they conſiſt of tough and 


firong Fibres, they can all ſupport one anotber, and reſiſt an uni- 


verſally diffuſed ſpherical Compreſſion; the ſame may alſo be ſail 
of the Blood and other Humours of an Animal, which are of a 
watry Nature; for as it is evident, that Water cannot be conden- 


fed, fo likewiſe the Humours of an Animal, contained in the Cavi- 


ties of its Veſſels, though they may be bruiſed by an {Impulſe made 


From one or a few particular Places; yet they can never be forced 


out of their Veſſels, or torn aſunder by an univerſal Compreſſion 
every Way. So long therefore as the ſolid, tendinous, or fleſhy or li- 
guid Parts, do not undergo any Separation, Contuſien, nor are dis- 


jointed, nor their Situation at all changed; it is impoſſible, that 
wny Pain or Uneaſineſs ſhould follow in the Animal, which cannot 


ariſe from any other Cauſe, but ſeparating that which was one 
continued Thing. Wherefore when Divers, &c. 
And this is confirmed by what the famous Mr. Boy/? obſerved, 


in his ſecond Appendix to the Eleventh Hydroſtatic Parade, vis. 
T3 That 
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Ariſt. According to the Laws of the Union 
of the Soul and Body, we only feel Things in 
Proportion to the Changes which they produce 
in the Body, or in the Senſes. Now the Wa- 
ter produces no Change, at leaſt no conſidera- 
ble one, in the Body or Senſes of the Diver. 
The Parts of the Water being thruſt toward all 


imaginable Places, equally, or almoſt equally, 
puſh all the Parts of his Body toward a com- 
mon Center; which Parts being diſpoſed in 
Form of a Vault, and ſupported by the inter- 


That a Tadpole, an Animal whoſe Fleſh is very tender and ſoft, 
put into a Veſlel half full of Water, fo cloſed up, that the Air 
contained in it, being condenſed eight Times as much as in its 
natural State, prefled upon the Water as much, as if a Column 
of Water of three hundred Feet in Height laid upon the Animal ; 
moved itſelf notwithſtanding, and ſwam about very quick, and 
found no Inconvenience that could be perceived. 

However, becauſe in moſt Animals there is a great deal of Air, 
which may eaſily be compreſſed and condenſed ; therefore, though 
no particular Member is disjointed, when an Animal is immerſed 
very deep in Water, yet they muſt all of them neceſſarily be 
ſtraightened and contracted, by the equal Weight and Preſſure of 
the incumbent Water on all Sides, as Mr. Boy/e ſays, happened to 
the Tadpole in the forementioned Experiment. 

Beſides, thoſe Animals, whoſe Lungs are ſo formed as to con- 
tain a great deal of thin Air and Breath in them, though the other 
Parts of them be not at all hurt, yet their Breaſts muſt of Neceſ- 
ſit be ſtraightned and contracted, in the ſame Manner, as the 
Cork is uſually thruſt into an empty Bottle, by the Weight of the 
Water, when it is ſunk very deep. Therefore Men, whoſe 
Lungs are very large, when they dive very deep into the Sea, 
though they find no Manner of Inconvenience in any other Part 
of their Bodies, yet they labour under a Difficulty of Breathing, 
and a Pain in their Breaſt (though they have Air enough con- 
veyed to them to breath). And thus the famous Mr. Boyle 
tells us of a certain Diver, that when he walked at the Bottom of 
the Sea, the Blood flew out at his Noſe and Eyes. Clarke's Ro- 
bault, Vol. I. p. 59. 
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nal Air, ſuſtain the equal, or almoſt equal Ef- 
fect of the Parts of the Water, without being 
diſplaced or diſordered in any ſenſible Manner. 
Therefore I ought not to be ſurprized that the 
Diver feels not the Weight. of the Water. You 
have indeed deprived me of the Pleaſure of a 
Surprize, by giving me one more agreeable. 
Eud. You readily conceive my Meaning. 


PrRoPosITION VI. 


« A liquid Body weighs upon its Baſe ac- 
ce cording to its Height. The Impreſſion of a 
« liquid Body upon the Baſe that ſupports it, 
« although its Parts act with an univerſal Mo- 
« tion, anſwers preciſely to its Height and 
« Baſe: | 

The Propoſition is true, if when there is the 
ſame Species of Liquor, an equal Baſe and e- 
qual Height in the liquid Body, the Action of 
the Gravity upon the Baſe, is equal notwith- 
ſtanding the Inequality of Size: But it is 
equal; it is, I ſay, equal if in a conic Veſſel 
(a) Fig. 20. which only contains one Pound of 
Water, the Action of Gravity upon the Baſe 
(5) is as ſtrong as in the wide Veſſel (c) Fig. 
21. which carries 100 Pound of Water, upon 
an equal Baſe (d), and under the ſame Height. 
It is demonſtrated by Reaſon, that the Action 
of Gravity upon the Baſe is equally ſtrong in 
thoſe two Veſlels; for the Parts, which imme- 
diately touch the Baſe of the conic Veſſel, can- 
T 4 not 
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not be of the ſame Number and equally com- 
preſſed, without the Action of Gravity be e- 
qual; being of the ſame Number and equally 
compreſſed, they ought to make the ſame Ef- 
fort to get more Room, and conſequently to 
preſs the Baſe alike. But 1. They are of the 
ſame Number, ſince by Suppoſition they cover 
equal Baſes. 2. They are equally compreſſed; 
for in the conic Veſſel there is at leaſt one Co- 
lumn of Water of the Height of the wide Veſ- 
ſel; this Column has its Parts as much con- 
tracted as thoſe of the larger Veſſel, fince the 
Preflure of a Column of Liquor anſwers to its 
Height by the fourth Propoſition. Its Parts 
being equally compreſſed, make the fame Preſ- 
ſure to paſs into the Columns which ſurround 
it, ſince they act with an univerſal Motion by 
the fifth Propoſition, and alſo with all their 
Forces, as all neceſſary Cauſes do. The Acti- 
on of Gravity upon the Baſe is therefore equal 
in both Veſſelss. 

In ſhort, if the two equal Baſes of two Veſ- 
ſels, equal in Height, but unequal in Wide- 
neſs, are two moveable Piſtons (&, d), Experi- 
ence ſhews, that to ſupport the Piſton, which 
has in it only one Pound of Water in the co- 
nic Veſſel, as much Force is required as to ſu- 
ſtain the Piſton which bears an hundred Pound 
in the other Veſſel much larger. Therefore 
when there is the ſame Species of Liquor, an 
<qual Baſe, and an equal Height of the liquid 
Body, the Action of Gravity upon the Baſe is 

: equal; 
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equal; therefore the Impreſſion of a liquid Bo- 
dy upon the Baſe which ſuſtains it, though its 
Parts a& every Way, anſwers preciſely to the 
Height and the Baſe; which was to be proved. 
But, you will fay, in the Veſſel which wi- 
dens continually, the lateral Columns of Water 
(gh, il) ought to act upon thoſe which are per- 
icular to the Baſe (mn, op). It is true; 
ut by the ſame Principle there is an equal Re- 
action on their Part: Hence the oblique Ef- 
fort of the lateral Columns does not paſs to 
the Baſe. 
' Ariſt. But when the Baſe of a conic Veſſel is 
immovable, in ſupporting it I only find in the 
Water the Weight of one Pound. Let the 
ſame Baſe become moveable, and I find a 
Weight of an hundred Pound in the fame 
Quantity of Water. What Charm changes ar 
once the Weight of one Pound into the Weight 


of an Hundred ? 


Eud. In order to diſcover this ſecret Charm, 

I ſuppoſe a Bow (a) Fig. 22. whoſe abſolute 
Weight is one Pound, and whoſe Spring is e- 
ual to the Weight of an Hundred. I bend 

this Bow and place it in a Machine between 
two Planes, joined in ſuch a Manner, that it 
cannot ſeparate them. After that I ſupport the 
inferior Plane with the Hand, and I only find 
in the Bow the Weight of one Pound, I feel 
only the abſolute Weight of the Bow. Why? 
While the bent Bow endeayours by the Force 
of its Spring to ſeparate equally the two inſe- 
* IK parable 
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parable Planes, by the Effort which it makes 
againſt the upper Plane, it thruſts the lower 
Plane back as much toward the Sky, as it puſh- 
es it toward the Center of the Earth. For 
which Reaſon the Force of the Spring deſtroys 
itſelf in ſome Sort, with Reſpect to the Hand 
which ſuſtains the Plane, Being thus deſtroy- 
ed it is not perceived, and you me the Trou- 
ble of ſuſtaining a Force of an hundred Pound 
Weight. Bur is the lower Plane ſuddenly de- 
tached? 'The Force of an hundred Pounds, 
which by Means of the Machine equally im- 
pelled it toward two oppoſite Points, now 
preſſes it only toward my Hand; and at once 
I have the Weight of an hundred Pounds to 
ſuſtain. 

Now the ſmall Parts of Water in the conic 
Veſſel are ſo many ſmall bended Arcs, one 
Extremity whereof reſts upon the Baſe, while 
the other is ſupported = the inclined Sides 
of the Veſſel. Is the Baſe attach'd to the Sides 
of the Veſſel? The Spring of thoſe ſmall Arcs 
puſhes the Baſe by the' Effort which it makes 
immediately againſt it, and puſhes it back by 
the Effort which it makes immediately againſt 
the inclined Sides of the Veſſel. Being im- 
pelled and repelled equally at the ſame Time 
by the Force of the Spring, it does not make 
the Impreſſion paſs into the Hand which ſu- 
ſtains it; and the Hand only feels the abſolute 
Weight of the Liquor, or the Weight of one 
Pound. But is the Baſe detached yy" 
rom 
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from the Sides of the Veſſel? The Force of 
the Spring protrudes it without any Repulſe. 
Being impelled after this Manner by a Force of 
an hundred Pounds, it makes the whole Im- 
preſſion of it felt; and this 1s the Charm which 
at once changes a Weight of one Pound into a 
Weight of an Hundred. | | 

Ariſt. Suppoſe that this Liquor of one 
Pound, ſuddenly changed into a Weight of an 
hundred Pounds, happens to freeze upon the 
moveable Baſe. What will happen ? 

Eud. The freezing will make one Pound 
Weight of an hundred Pound Weight; for the 
Force of the Springs, which proceeds from the 
univerſal Action of the Parts, will be ſuſpend- 
ed, ſince all the Parts will be faſtened and 
linked together after ſuch a Manner by the 
cold that they cannot flow, or be agitated or 
ſeparated, or afford any Thing to the Mecha- 
niſm of the Spring. Let Heat ſucceed the 
Cold: You will quickly find, as before, a Force 
of an hundred Pounds in a Weight of one 
Pound. 

Ariſt. Can you find upon this Principle, and 
thoſe which you have eſtabliſhed, the Cauſe 
why a Stream of Water is ſufficient to raiſe and 
burſt the Bottom of a Caſk loaded with a con- 
ſiderable Weight? | | 

Eud. Yes, without doubt. Fill a great 
Hogſhead with Water. Pierce the Hogſhead 
being full and well cloſed. To the Hole 
which you have made, apply a Pipe of a cer- 

tain 
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tain Length, and as narrow as you pleaſe, A 
Stream of Water poured in through this Pipe, 
compreſſes all the Water which it encounters 
in the ſame Column, in Proportion to its 
Height, by the ſecond Propoſition : The Pref. 
ſure of this Column paſſes to the neighbouring 
Columns; theſe communicate it ſucceſſively to 
all the other, by the fifth Propoſition. All the 
Water of the Caſk is extraordinarily compreſ- 
ſed. Being extraordinarily compreſſed, it makes 
extraordinary Efforts in order to get at Liber- 
ty, like a bended Bow; the Sides of the Caſk 
ſeconded by the external Air, which weighs 
much leſs than Water, not being able to ſu- 
ſtain thoſe Efforts, the Efforts prevail, and the 


Caſk burſts. 


PROPOSITION VII. 


Liquid Bodies of the ſame Species, which 
« have an immediate Communication with one 
another in ſome Part, act preciſely againſt 
te one another in the Ratio of their Height, 
« By their being more or leſs large, their re- 
« ciprocal Action is not more or leſs ſtrong. 
For thoſe Bodies act againſt one another in 
Proportion to their being compreſſed, by the 
Proof of the fifth Propoſition. Now, they are 
— compreſſed in the Ratio of their 
eight, by the ſixth Propoſition. Therefore 
they act againſt one another preciſely in the 
Ratio of their Height, and a Stream of hors = 
| might 
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might elevate the whole Seca. Hence pour 
Water into communicating Tubes, Hg. 2 3. 
one of which is an hundred Times larger than 
the other. The Water places itſelf and re- 
mains upon a Level in both, provided the ſmal- 
ler one be not a Capillary Pipe or too ſmall. 
For in a Pipe whoſe Diameter is a third of a 
Line, the Water aſcends above the Level; be- 
cauſe having a larger Surface in Regard of its 
Maſs, and being better ſupported by the Ine- 
qualities, and the almoſt contiguous Sides of a 
Pipe ſo narrow, it acts leſs in Proportion to its 
Height againſt the Water of the great Tube, 
than the Water of the great Tube acts a- 
gainſt it. . 

The Water of the capillary Pipe muſt be a- 
bove the Level, that it may be in Ægquilibri- 
um with that of the great Tube. But this ex- 
traordinary Effect proceeds from the Smallneſs 
of the Pipe, and not from the capillary Co- 
lumn of the Liquor. 


PRO POSITION VIII. 


« Finally, liquid Bodies, which flow, paſſing 
* from a larger Space into a ftraiter, accelerate 
their Motion in the Paſſage. 

For 1. In that Caſe the lateral Parts, which 
meet with ſome Impediment in the ſtraitened 
Sides of the Channel; are more compreſſed by 
thoſe which follow and inceſſantly overtake 
them; being more compreſſed they make the 

7 | greater 
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greater Impreſſion upon the Parts which flow 
directly and freely in the narrower Channel; and 


' theſe finding a free Paſſage, make the leſs Re- 
fiſtance to thoſe. 2. In this Situation, more 


Liquor muſt run in equal Times in a leſs 
Room, which cannot be done without the Ve- 
locity be accelerated. Thus the Water which 
flows under the Arches of a Bridge, runs more 
ſwiftly than it did before in a larger Channel, 
And the Liquor thrown out of a Syringe ac- 
quires in its Paſſage a Velocity of ten Degrees, 
if the Paſſage is ten Times ſtraiter than the in- 
ternal Part of the Cylinder; for a Piſton ten 
Times larger than this Paſſage cannot advance 
an Inch in an Inſtant, but all the Liquor being 
decuple in Largeneſs, muſt advance an Inch in 
an Inſtant; all this Liquor thruſt forward by 
the Piſton cannot advance an Inch in an Inſtant, 
unleſs an Inch of Liquor decuple in Largeneſs, 
run out in an Inſtant by a Paſlage ten Times 
leſs; an Inch of Liquor ten Times larger can- 
not run out in an Inſtant by a Paſſage ten Times 
leſs, if the Liquor do not acquire a Velocity of 
ten Degrees in running out; fince it is neceſſa- 
ry that ten Parts, of the Length of an Inch, 
and as wide as the Paſſage, paſs ſucceſſively in 
an Inſtant; which cannot be done, unleſs they 
advance ten Times ſwifter than before: In a 
Word, every one has only the tenth Part of a 
diviſible Inſtant, to paſs through whole and 
intire. 
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Can you find, Ariſtus, in thoſe Truths which 
I have been ſpeaking of, the phyſical Cauſe of 
a very ſingular Effect? You ſee this Tube 
ſtopped at one End, near the other is a move- 
able Key, which ſhuts and opens it at Plea- 
ſure; ſeveral communicating Tubes cut it at 
right Angles. I inſert every one of thoſe Tubes 
into the Orifice of a Hog's Bladder. Over the 
Bladders I put an horizontal Board, and over 
the Board a Weight of 1000 Pounds. A Child 
blows at ſeveral. Times into the Pipe in the 
Middle; the Key being turned about, hinders. 
the Air from iſſuing out, while the Child takes 
freſh Breath, the Bladders are inflated, and the 
Weight aſcends. How does the Breath of a 
Child raiſe a Weight, which the moſt robuſt 
Man cannot move without a Machine ? 

Ariſt. A Stream of Water, which deſcends 
by a communicating Tube upon the Liquor 
which fills a Caſk perpendicular to the Hori- 
zon, raiſes the ſuperior End of the Caſk, even 
when it is loaded with a conſiderable Weight; 
becauſe the Exceſs of Compreſſion, and conſe- 
quently of the Spring, which the Stream of 
Water gives the inferior Column, is by it 
communicated to all the Columns, and the 
Exceſs of the Compreſſion acts univerſally. 
After the ſame Manner the blowing of a Child 
lifts up an extraordinary Weight, becauſe it 
gives the Air, which it directly encounters in 
the middle Pipe, an Exceſs of Compreſſion and 
Elaſticity, which is communicated univerſal- 
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ly, as in Liquors, and which conſequently 

aſſes into all the Parts of the Air in the 
Pladders In Proportion as the Child blows, 
the internal Air receives from a more agitated 
Air, which comes in, a new Exceſs of Preſſure 
and Flaſticity; and this Exceſs ſucceſſive and 
united under the Weight by the Bladders, rai- 
ſes up the Weight more and more, and that 
ſo much the more effectually, as the Exceſs of 
Maſs, which is found in — Weight, is leſs 
than the Exceſs of Velocity which is in the 
Child's blowing. Thus the blowing of a Child 
produces a prodigious Effect. 


E ud. After this, Ariſtus, we may divert our 


ſelves a little with the Æguilibrium of Li- 
quors. 
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CONVERSATION XXII. 


Upon Hydroſtatics, or the Aquilibri- 
um of Liquors g. 80 


Eud. O you explain the ſecret and reci- 
| procal Action of liquid Bodies, and 
I will endeayour to explain that of liquid and 
ſolid Bodies. We ſhall have the Pleaſure of 
ſeeing them counterbalance one another, over- 
come, yield, aſcend, deſcend, and reſt, being 
always more conſtant and faithful in obſerving 
certain Rules, than if they were endued with 
Reaſon. . „ | 
Ariſt. Whenever liquid Bodies touch one 
another, the Compreſſion which proceeds from 
the Gravity, and the Motions of Elaſticity and 
Liquidity make them a& univerſally againſt 
one another; and as they are not free, they act 
with all their Force in Order to ſurmount e- 
very Impediment. Are their Forces equal? 
None of them aſcends, none of them deſcends, 
none of them prevails, none of them yields, 
by Reaſon of the Equality of oppoſite Forces. 
Are they unequal? The heavieſt deſcends, be- 


4 See the Notes on the foregoing Conver AT. 
Vol. I, U cauſe 
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cauſe being protruded more ſtrongly toward 
the Center of heavy Bodies, it ought to ap- 
proach it. The leſs weighty aſcends; becauſe 
the one cannot deſcend, unleſs the other aſcend 
in Order to make Room for it, and the leſs 
Force ought to yield to che greater. 

Hence, 1. All the perpendicular Parts and 
Columns of liquid Bodies endeavour, as much 
as they can, to elevate one another, ſince they 
all act againſt one another, every Way, and 
with all their Force. | 

2, The leſs weighty Parts and Columns 
— to aſcend, having leſs Force to reſiſt the 
Effort of the more weighty, which endeavour 
to elevate them. 3 they aſcend. 
Sink into Water the End of a Syringe, and 
draw the Piſton: The Water follows it, being 
thruſt by the next Columns that are heavier 
and ſtronger. _ | 

3. You would ſay that Liquors of the ſame 
Species affect to be placed on a Leyel: Why? 
Becauſe if any Part is above the Level, that 
below it being more compreſſed, and conſe- 
quently heavier than the lateral Parts, which 
are not charged with the ſame Weight, de- 
ſcends and makes them aſcend, till they are all 
in an Equilibrium upon the Level, or in a 
Circle whereof all the Points are equally di- 
ſtant from the Center of heavy Bodies. 

4. Liquid Bodies of a different Species, and 
of different Gravity, are not placed upon a 
Level; becauſe the heavier ought to —. 
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elevate and ſuſtain the other. In Water we ſee 
Bubbles of Air aſcend rapidly till they reach 
the Surface, the Reaſon is, becauſe Air is much 
lighter than Water. | 

Eud. I take, Fig. 24. a ſmall Glaſs-Tube, 
[Paſſe-vin] which ſuſtains a ſort of Cup, and 
whoſe Bale is a fort of Phial of the ſame Mat- 
ter; I fill the Phial with red Wine. Then I 
fill the Cup and Tube with Water. You ſee 
a Stream, a Column of Wine, aſcend calmly 
from the Phial into the Cup, while a Column 
of Water deſcends from the Cup into the Phi- 
al through the Tube, until the Wine have ta- 
ken the Place of the Water, and the Water the 
Place of the Wine. What is it that determines 
thoſe Liquors to change Place ? 

Arif. The Inequality of the Weight. The 
Column of Water is heavier, deſcends and ele- 
vates the Column of Wine. PT IIS 

Eud. But why is no Mixture made of thoſe 
two Liquors in the Tube, as happens when 
I pour Water immediately upon Wine, or 
Wine upon Water in a Glas? 

Ariſt. The Water being turned over at 
firſt into the Cup, and deſcending upon the 
Wine through a very narrow Tube, de- 
ſcends gently, or elſe covering all the ſmall 
Surface of the Wine almoſt at the ſame 
Time, it does not find Acceſs into it, till af- 
ter having loſt much of its Velocity acqui- 
red in its Fall. Hence the two Columns 
of Wine and Water are quiet beſide one 

U 2 another: 
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another: In this Situation their Parts, whoſe 
Agitation is very moderate, are much compreſ- 
ſed, and have not Motion or Force enough to 
divide one another, to penetrate, to inſinuate 
themſelves, and to be intangled in one an- 
other's Interſtices; and, in a Word, to be mix- 
ed with one another. But the Water which 
I pour upon Wine, or the Wine which I pour 
upon Water in a Glaſs, acquires in its Fall, 


being more free and upon a larger Surface, 
Motion and Force enough, to invade the Par- 
ticles of Wine, diſturb their Æquilibrium, dif- 
fuſe itſelf into their Pores, or to receive them 


into its own, and be intangled with them 
without being able to diſengage itſelf, after ha- 
ving loſt much of its Force by Friction. And 
this is what cauſes the Mixture of Wine and 
Water in a Glaſs, although Water be more 
weighty. * 

In a Word, pour Water immediately into 
the Glaſs, put a light Slice of Bread upon the 
Water, and then let Wine flow gently upon 


* 


the Bread: The Wine, which would be mixed, 


if poured on as they commonly pour it, dif- 
fuſes itſelf upon the Water, without deſcending 
or being mixed. Why? Becauſe in falling up- 
on the Bread, and being filtred through its 
Pores, it loſes much of the Force which it had 
acquired in its Fall; and, having at laſt no 
more than the Force of Gravity to mix and 
deſcend, it cannot make itſelf in the Water, 
being heavier, free Paſſages in Order to we 
= | a Wit 
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with it, and deceive the Eyes rather than the 
Taſte, by communicating its Colour to the 
Water. Here are ſome Traces of the mutual 


Action of liquid Bodies. What Rules do ſolid 
Bodies obſerve, which meaſure their Force im- 


mediately with liquid Bodies? 


Eud. The Bulks being ſuppoſed equal, a ſo- 
lid Body weighs more, leſs, or equally ||? 
Rule 1. Does it weigh more? It ſinks wholly, 
Rule 2. Does it weigh leſs? It ſwims upper- 
moſt. Rule 3. Does it weigh equally? Ir ſwims 
and remains ſuſpended in the Liquid. 

I. Does it weigh more? It deſcends and 
ſinks wholly. For being heavier, it ought to 
approach nearer to the Center of heavy Bodies. 
It cannot do that without elevating above it the 
lighter Bulk, which by its Weight and Liqui- 
dity ought to be diffuſed over it; Therefore it 
deſcends and ſinks entirely. 

How ſhould it not ſink after that Manner ? 
Being more weighty, it is ſtronger; being 
ſtronger, it ought to elevate the Bulk that is 


In all homogeneous and equal Bodies, the Denſities are as 
the Weights ; in unequal Bodies of the ſame Weight, the Denſi- 
ties are inverſely as the Bulks ; if therefore both the Weights and 
the Bulks differ, the Ratio of the Denſities is compounded of the 
direct Ratio of the Weiglits, and the inverſe Ratio of the Bulks; 
and therefore dividing the Weights by the Bulls, you bade the 
Denſities, that is, you will have Numbers that are to each other 
as thoſe Denſities. 

The Weight of all Bodies may be compared by Means of the 
Balance; the Þuiks are found by immerging Bodies in the ſame Li- 
quid; for the Weights which they loſe, are as their Bulla. Vide 
Graveſande's Elem. Vol. I. p. 159, &c. 
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lighter, and conſequently weaker. A ſuperior 
Force, whenever it is neceſſary, is always vi- 
ctorious: Therefore, &c. 

In a Word, being more weighty it preſſes 
the inferior Parts the more. Thoſe Parts be- 
ing more preſſed, preſs the lateral Parts more. 
Theſe being more compreſſed aſcend, ſince they 
endeavour to extend themſelves every Way, 
and find leſs Reſiſtance above the ſolid Body, 
always ready to yield its Place to them. fn 
aſcending they have their Place filled up again 
by the Parts which the ſolid Body puſhes im- 
mediately ; theſe do not leave their Place but 
only to give it to the ſolid Body. Thus a ſo- 
lid Body that weighs more, wholly finks and 
deſcends. | 

2. Does it weigh lefs ? It floats aboye. Be- 
ing leſs weighty, and by that Means leſs ſtrong, 
it ought leſs to approach the Center of hea- 
vy Bodies, and to be elevated by giving Place 
to the heavier Bulk, which is conſequently the 
ſtronger ; the leſs Force always yields: There- 
fore it floats atop. Nevertheleſs in floating a- 
bove it does not ceaſe ſinking to a certain Point, 
fince being heavier than the Air, it preſſes the 
Surface of the Liquor more. 

3. Does it weigh equally? It floats and re- 
mains ſuſpended in the liquid Body. Being e- 
qually heavy, and thereby m_— ſtrong ; 
whenever it is placed in the Boſom of the Li- 
quid, it can neither deſcend nor aſcend, fince 
it can neither overcome nor yield. Equal Pow- 
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ers are neither vanquiſhed, nor victorious; 


therefore, Ce. * pn 
Hence, 1. A ſolid Body which you fuſtain, 
weighs leſs with Re to you, or loſes of its 


relative Weight in Liquors, proportionally as 
are more or leſs weighty. 2 

They ſuſtain it in Proportion to their Weight, 
and you have not that to ſuſtain which they 
ſuſtain. ' A ſolid Body which you ſuſtain in 
Water, does it weigh ten Pounds in the Air? 
You only -employ a Force of eight Pounds in 
order to ſupport it, if an equal Bulk of Water 
weigh two Pounds; becaufe it ſupports the 
Weight of two Pounds. Let us ſuppoſe two 
Pounds in Ægquilibrio in a Balance. Let the 
Balance deſcend: If one of the two Pounds de- 
ſcend into the Water, it loſes immediately of 
its Weight, with Reſpect o the other, in Pro- 
portion to the Weight of the Water: There is 
no more Ægquilibrium, and the other outweighs, 
In ſhort, Lead weighs leſs by a tenth Part in 
the Seine. | 

2. A folid Body, which ſwims, finks pro- 
portionally as there is in the Liquor a great- 
er or leſs Exceſs of Gravity. The Liquor-Ba- 
lance or Areometer, Fg. 25. (it is a fort of 
ſmall Glaſs Phial with a long Neck, ſealed and 
cloſed hermerically; full of Air, and having a 
little Mercury in the Bottom). The Liquor- 
Balance, I ſay, is ſunk more or leſs in different 
Liquors; more in Wine than in Water; and 
more in freſh Water, than in Salt Water. 

Join U4 Why? 
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Why? 1. The Liquor-Balance ſwims above, 
becauſe it cannot deſcend and fink wholly, un- 
leſs the Bulk compounded of Air, Mercury 
and Glaſs be wholly ſunk; and this Bulk can- 
not be wholly ſunk. The Mercury and Glaſs, 


each in particular, are, heavier than the Li- 


uor ; but the whole Bulk, by Reaſon of the 
Excel of Levity which is -in the Air that it 
contains, weighs leſs than an\ equal Bulk of Li- 


quor. 2. The Liquor- Balance finks more in 
Wine than in freſh Water, and in freſh Water 
than in Salt. You ſee the Reaſon of it; be- 
cauſe Wine weighs leſs than freſh Water, and 
freſh Water leſs than Salt Water. The Salts, 
being more ſolid than pure Water, give a 
greater Gravity to the Salt Water. 

Ariſt. Your Liquor-Balance makes me com- 
prehend why ſuch a Veſſel, which fails ſafely. 
upon the Sea from one End of the World to 
the other, would ſink gently to the Bottom in 
the freſh Waters of a River or Lake. The 
Reaſon is, becauſe the Salt Water of the Sea 
being much heavier than the freſn Waters of a 
Lake or River, can ſupport a much greater 
Weight 

Eud. Nevertheleſs one may make the moſt 
ſolid Bodies, Stones, Braſs, and Gold itſelf, to 
float upon the freſh Water of a River. Make 
a Bridge of Stones as long as you pleaſe; let 


this Bridge have for Pillars only moveable Boats, 
which, without being able to move forward 
or backward, may deſcend or aſcend, in Pro- 


portion 
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portion as the Water aſcends or deſcends, like 
the Bridge of Roban; this Bridge of Stones, 
being loaded with Animals, Men, and Coach- 
es, will not ceaſe to float above; becauſe the 
Bulk of Stones, Men, Coaches, Boats, and Air 
contained in the Boats, will be more light, by 
Reaſon of the Levity of the Air, than an equal 
Bulk of Water. By the ſame Reaſon, cover 
the Breadth of a River with Boats of Braſs, or 
Gold, if you will; a whole Army may paſs 
over, without the Braſs or Gold ceaſing. to 
ſwim. | 

Ariſt. Your Opinion, Eudoxus, appears na- 
tural; but one Thing which occurs to 
Mind, has a Tendency to deſtroy it. A Nee- 
dle of Steel, placed gently and horizontal- 
ly upon the Surface of Water, ſwims. _ I 
think it ought to fink intirely. It has neither 
the Form af a Boat, nor: the Levity of the 
Air, to ſuſtain it; and Steel is heavier than 
Water. 

Eud. The Levity of the Air, and the Form 
of a Boat, with the Viſcofity of the Surface of 
the Water, produce this Effect ſtill, How is 
it produced? The Air is more eaſily attached 
to the Needle than the Water is, for the Nee- 
dle is not eaſily wetted ;/ the Water runs over 
it, without finding any Hold on it. This be- 
ing granted ; upon the viſcous Surface of the 
water, whoſe Viſcoſity renders the Parts more 
difficult to ſeparate, the Weight of the Needle 
with the Air which ſurrounds it, lays hold on 

it, 
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it, and continually envelops it, makes a ſort of 
Cavity *, in which the Needle is contained as in 
a ſmall Boat. The Bulk compoſed of the ſmall 
viſcous Boat, Needle and Air, is lighter than 
an equal Bulk of Water; though the Needle a- 
lone be heavier than an equal Bulk of this Li- 
quor. The Needle ought therefore to ſwim 
much after the ſame Manner as a Boat of 
Braſs, or as a Beam ſwims, becauſe of the 
Air which it contains in its Pores. 

Ariſt. In ſhort, wet the Needle firſt: There- 
by you detach from it a —_— of Particles 
of Air, and fill up many inſenſible Pores of its 
Surface with Particles of Water ; the Exceſs of 
Gravity ſinks it, and makes it diſappear to the 
Eye. 

2 But the Wood, which at firſt ſwims 
above as the Needle of Steel, is at laft wholly 
ſunk. Whence does this Viciflitude of Gra- 
vity and Levity proceed? 


This is owing to Repu/fon, of which we have farther In- 
ſtances between Water and Oil, and generally between Water and 
all unftuous Bodies; between Mercury and Iron; as alſo between 
the Particles of any Duſt. ; 

If any greaſed Body, lighter than Water, is laid upon the Sur- 
face of Water, or Piece of Iron upon Mercury, the Surface of the 
Fluid will be depreſſed about the Bodies laid upon it. And 
where Attraction obtains, the Surface of the Liquor is higher a- 
bout the floating Bodies, and does not run to a Level by its Gra- 
vity ; but here where the repellent Force exerts its Action, Li- 
__ notwithſtanding their Gravity, do not run down to fill up 

Cavities which are made round the floating Bodies. See Co x- 
VERSAT. IX and XIV. Vol. I. and Grave/ſande's Elem. Vol. I. 
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Ariſt. Wich the Air which it contains at firſt 
it makes a lighter Bulk, and it ſwims. With 
the Water which penetrates it, and at length 
takes the Place of the Air which is forced to 
iſſue out, it makes an heavier well, and finks 
intirely. You are going to make me compre. 
hend, g no doubt, 4 Thi g difficult to be con- 
ceived. Throw into cold Water a Ball of 
Wax, and it ſwims. Warm the Water, and 
the Ball finks; increaſe the Heat, and the Ball 
aſcends again. 

End. 1. The Ball of Wax floats at firſt, be- 
cauſe it weighs lefs than cold Water. 2, Af- 
terward the Ball finks, becauſe it weighs more 
than an equal Bulk of Water rarefted by the 
Heat. 3. The Ball aſcends again at laſt, be- 
cauſe being at laſt rarefied itſelf by the Exceſs 
of Heat, which penetrates and dilates the Air 
that it contains, it becomes lighter than an e- 
qual Bulk of Water. You may find the Ex- 
plication of a contrary Effect from the fame 
Principles. A Carcaſs deſcends immediately in 
Water; after that it reaſcends, and then finks 
again as of itſelf. 

Ariſt. 1. The Carcaſs deſcends at firſt in the 
Water, becauſe it is heavier. 2. It reaſcends, 
becauſe the Fibres being relaxed for Want of 
Nouriſhment, or by the Action of the inſenſi- 
ble Parts of the Water, the internal Air is ſet 
at Liberty, is extended, and enlarges the Bulk 
of the Body; and the Body having more Bulk, 
in Regard of its Maſs, becomes at laſt lighter 

| I than 
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than an equal Volume of Water. 3. It ſinks 
again, becauſe the ſolid Parts from which the 
Air is gone forth, approach one another, ang 
make the Body heavier and more compact. 
Eud. But fince there is more Weight in an 
human Body than in an equal Bulk of Water, 
how do thoſe ſwim above who bathe them. 
ſelves? How do they paſs over Rivers by ſwim- 


ming? 


upon the Surface of the Water, they cannot 
fink unleſs an equal Volume of Water open and 
give Place at once. But the Water opens and 
gives Way with ſo mych the more Difficulty 
as a longer, larger and deeper Extenſion ought 
to open and give Place at once: For it muſt 
open and give Way with ſo much the more Ce- 
lerity; and the Reſiſtance of a Body anſwers to 
the Velocity neceſſary to move it. 2. The Air 
which they reſpire, being much lighter than 
Water, diminiſhes their relative Weight. 3. 
They compreſs the Water not only by their 
abſolute Gravity, but likewiſe by the Motion 
of their Bodies; and the more they compreſs 
the Water, the greater Effort it makes to ſu- 
ſtain them. In fine, by the Motion of the 
Arms and Feet they raiſe up the lateral Water ; 
the adjacent Columns of Water are thereby 
longer; being longer they weigh more, ſince 
they all weigh in Proportion to their Height. 
This, I think according to your Principles, is 


the Reaſon why we keep on the Surface when 
4 


Ariſe I. Being extended their whole Length 
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we bathe: Nevertheleſs I would not attempt to 
ſwim over the Seine upon the Force of this 


Reaſoning. | 
Eud. Motion hinders from finking, and 


makes the Diver aſcend again from the Bottom 


of the Sea upon the Surface of the Water, Is 
he in an Aquihbrium at the Bottom of the 


| Sea? Let him ſtrike the Earth with his Foot, 


endeavouring to ſpring up to the Top. The 
perpendicular Motion which he acquires- in 
this Effort diminiſhes his relative Gravity, and 
being ſeconded by the lateral Column, he raiſes 
himſelf above the 'Surface of the Water. All 
Motions diminiſh relative Gravity, excepting 
the direct Motion toward the Center of heavy 
Bodies: Hence'you ſee Dregs and Sugar, when 
agitated, aſcend in Liquor, and Duſt riſe up 
in the Air and darken the Sky. 

Ariſt. You would make one believe that if 
a Philoſopher, who had no Skill in ſwimming, 
and whom ſome Miſchance ſhould have preci- 
pitated into the Bottom of a River, had Pre- 
ſence of Mind enough to ftrike the Earth with 
his Foot, and ſpring up to the Surface, he 
might ſee the Bank; then being again precipi- 
cared by his own Weight, he might go along 
upon the Ground toward the Bank. Should 
he want to breathe, he might return and breathe 


above the Surface of the Water. When his 


Weight had again dragged him down to the 


Bottom, he might creep along as before, at 


laſt gain the Bank of the River, and eſcape 
I Danger 
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Danger by the Favour of his cool Blood and 
his Philoſophy. | 

Eud. This he might do without being a 
great Philoſopher. Some Time ago I faw a 
Man, who without knowing the Æquilibrium 
of Liquors, finding himſelf unhappily plunged 
into the Middle of a large and deep River, 
reached the Bank by creeping along under Wa- 
ter; while five or fix Perſons, whom a Shallop 
that was overſet had thrown into the Water, 
were drowned in the ſame Place. 

Ariſt. Water which ſuffocates us gives Life 
to Fiſh that are deſtined to yield us Nouriſh- 
ment. But how do Fiſh ſwim? How do they 
remain ſuſpended and immovable? How do 
they aſcend and deſcend with ſo much Liberty 
in the Water ? | 

Eud. Fiſh have in their Bodies a ſort of 
Bladder full of Air. In contracting it they con- 
tract the Body, and have more relative Gravi- 
ty. By that Means at one Time they weigh as 
much as an equal Bulk of Water, and are im- 
movable, or ſwim in the Water without de- 
ſcending or aſcending: At other Times — 
weigh more and deſcend: Again, they wei 
leſs and aſcend. The Efforts which they make 
in turning and winding, by beating the Water 
as a Point of Suſpenſion with the Tail, ſeconds 
their Viciſſitudes of Gravity and Levity. I 
have made the Fiſh ſwim; do you make the 
Birds fly. 


Ariſt. 
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Ariſt. It is eaſie to do that upon your Prin- 
ciples, after what has been ſaid. Birds of 
themſelves have more Gravity than an equal 


Volume of Air; the Partridge being mortally 


wounded by the Fowler's Shot, falls whenever 
ſne can fly no more. But this Exceſs of Gra- 
vity is compenſated ſeveral Ways. 

1. Birds which fly, dilate their Breaſt, ex- 
tend their Wings, acquire a larger Bulk; and 
by that Means their relative Gravity is dimi- 
niſhed. 1 | 

2, Having alarger Bulk they divide the infe- 
rior Air with more Difficulty, becauſe they muſt 
communicate to it a greater Velocity, and drive 
it farther in the ſame Time to divide it; and 
becauſe it reſiſts ſo. much the more, the great- 
er Velocity it requires in Order to its yielding. 

3. The more they rapidly beat the inferior 
Air with their Wings, the greater Reſiſtance 
they find from it; for it requires a greater Ve- 
locity to yield to the reiterated Strokes. The 
Air being beat with ſo briſk and quick a 
Stroke, that it has not Time to retreat, be- 
comes a fixed Point for the Flight of Birds. 
By beating the Air with their Wings, as the 
Fiſh do the Water with the Tail, or the Di-- 
ver the Earth with his Foot; they give them- 
ſelves a Motion either to aſcend or go forward. 
The inferior Air being compreſſed, ſeconds this 
Motion, as Water being puſhed by the Oar be- 
hind the Shallop, ſeconds the Effort of the. 
Rower; and as long as this Impreſſion laſts, 

you 
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you ſee Birds fly and hover in the Air, remain 
ſuſpended, aſcend and deſcend, much after the 
ſame Manner as Fiſh do in the Water. 

Eud. When one underſtands the Flight of 
Birds, one may, eaſily comprehend the floating 


Ariſt. Theſe are Tiſſues of Roots and Herbs 
mixed with a little Fuller's. Earth; they are 
Maſſes compoſed of Fuller's Earth and Roots 
ighter than Water, which with the Earth and 
Air contained in them, form a Bulk lighter 
than an equal one of Water: This Exceſs of 
Lightneſs makes them float; and theſe are your 
floating Iſlands, | 
Eus Before we finiſh this Converſation, let 
me have the Pleaſure of perplexing you. Lels 

Water is required to ſuſtain a floating Iſland, or 
a Veſſel in a narrow Place, than in one that is 
large and ſpacious. 

Ariſt. In a very large and ſpacious Place the 
Water is ſpread more abroad, and riſes to a 
leſs Height; but in a more contracted Place the 
Water is ſpread leſs abroad, and riſes higher. 
Now the Water weighs, counterbalances and 
ſuſtains the floating Iſland or Veſſel preciſely in 
Proportion to its Height (by your ſeventh Pro- 
poſition of our laſt Converſation). Hence the 
narrower a Haven is, the leſs Depth is required 
in the Water. 

Eud. But to conclude, what Method would 


you take to deſcend into the Bottom of the Sea 
in 
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in a great Volume of Air, and to carry Fire 
with you, without its being extinguiſhed? 

Ariſt. I would place my ſelf upon a Plank in 
a Bell which ſhould be made to deſcend per- 
pendicularly into the Water, with the Mouth 
downward. The Bell, by Reaſon of its Fi- 
gure, having the Parts ſupported by one an- 
other, would ſuſtain the Weight of the 
Water; the internal Air, which would find 
no Vent to iſſue out at, would hinder the Wa- 
ter from entering very far by the Orifice, to 
wet me, and to extinguiſh the Fire. 

Eud. It is a ſingular Contrivance, which 
has been luckily made Uſe of to bring up 
from the Sea ſome Millions of Pieces of 
Eight after a Shipwreck, Fig 26. They ſuſ- 
pended upon the Middle of a Croſs-Tree (66), 
which was ſupported upon two large Boats ſa a), 
a Bell of Wood, from 13 to 14 Foot High, and 
nine Foot wide. It was encompaſſed with Iron 
Hoops (d d d d); the Hoop ar the Brim ſe e) 
had ſeveral Iron Rings, to which were faſten- 
ed as many Bullets ( to render the 
Bulk weightier than an equal Volume of Wa- 
ter, notwithſtanding the Levity of the internal 
Air. A Man (g) was ſeated in the middle of 
the Bell. He held a ſmall Cord ( to ring a 
lictle Bell, when he had deſcended low enough, 
or was willing to aſcend again. The little Bell 
(i) was faſtened to the Crofs-Tree. The Man 
being deſcended, gathered up the Piaſters, 
and went from Time to Time to breathe 

Vox. I, X under 
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under the Bell. When the Air was heated too 
much, he rung the little Bell. Then by Means 
of a Cable (&), they drew him up again with 
the Bell and Piaſters. 

This Fact was learned from one who had 
been an Eye-Witneſs of it c. 

Vou at firſt, Ariſtus, laid down what re- 
gards liquid Bodies in general; and when one 
comprehends the Æguilibrium of Liquors, one 
may eaſily diſcover the Properties of the Air, 
We have already diſcovered its Elaſticity ; let 
us endeavour to diſcover its Gravity; let us 
meditate upon theſe two Properties, each apart; 
then uniting our Lights we ſhall find an almoſt 
univerſal Agent in the Air, which is ſo little 
minded; and ſhall obſerve in its Gravity and E- 
laſticity the Principles of a Thouſand Effects, 
which are looked upon as ſo many Miracles 
in Nature. | 


e Journ, des Scav. 1678. p. 137. 4 Avril. 
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Upon the Gravity of the Air, and is 
Effefts. 


Ariſt. OU will have it then, Eudoxus, 
that the Air weighs, however im- 
0 perceptible and fine it be; and that we have 
the Weight of the Atmoſphere to ſuſtain, with- 
, out our perceiving it *? 
8 Eud. A Body, which affords ſome Hold to 
» the Strokes of the ſubtile Matter which is the 
- Cauſe of Gravity in Bodies, is ponderous. Bur 
the Air affords ſome Hold to the Strokes of the 


* The Air is corporeal, heavy, its Parts yield to any Force 

impreſſed, and are very eaſily moved amongſt one another; it 

preſſes in Proportion to its Height, and the Preſſure every way 

8 It is plain therefore that it ought to be reckoned among /t 
ids. 

Def. I. All the Air which the Earth is encompaſſed with, con- 
fidered together, is called the Atmoſphere of the Earth, or imply, 
the Atmoſphere. | 
Def. II. The Height of the Air above the Surface of the Earth 
5 called the Height of the Atmoſphere. 

That the Air is a Body appears from its excluding all other Bo- 
dies from the Place where it is. . 
Dat it yields to any Impreſſion, and has its Parts eqfily moved, 
1s not doubted by any one. 

That it is heavy is proved by its preſſing upon the Surfaces of 
other Fluids, and ſuſtaiuing them in Tubes. 


X 2 ſubtile 
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ſubtile Matter, ſince it is groſſer, as we have 
obſerved in the Air Pump“: Therefore the 


Air ponderates. 


In ſhort, a Body which with another Body 
makes an heavier Volume, ponderates. Now 
the Air is a Body, which with another Body 
makes an heavier Volume; a Veſſel full of Air 
has more Gravity than when it is empty of 
Air. M. Homberg pumped out the Air from 
a ſort of Glaſs-Ball, whoſe Diameter was 13 
Inches ; and the Ball was lighter by an Ounce 
than before d. Another Time, after having 
pumped out the Air from a Ball of 20 Inches 
Diameter, he found it at leaſt two Ounces 
lighter e. Therefore the Air is weighty. | 
, Ariftotle was ſenſible of this Truth, but 
made little Uſe of it, and it ſeemed to be 
eclipſed till the Time of Toricellius, who diſ- 
covered and rendered it intelligible to Father 
Mercenne, a famous Monk. Father Mercenne 
unparted it to M. Paſchal. Guerick, the fa- 
mous Conſul of Magdebourg, and Boyle, a learn- 
ed Engliſhman, have demonſtrated it by very 
curious Experiments. 

Ariſt. It ſeems at firſt Sight, that if the Air 
ponderates, we ought to be overwhelmed un- 
der the Weight of the Atmoſphere. But we 
ſee there is nothing to be feared on that Side. 
A Weight is not felt but when it cauſes ſome 


* ConveRsarT. III. d Hiſt. de I Acgd. 1687. p. 260. 
© Hiſt. de PAcad. 1696. p. 403. 
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Change in the Organs of the Senſes, as you 
have made me obſerve: The Weight bf the 
Air cauſes no ſuch Thing, ſince the Air en- 
compaſſes the Whole Body, and preſſes it equal- 
ly on all Sides, both within and without. 
Eud. Are you willing, Ariſtus, that I ſhould 
preſent you with divers Facts which particu- 
larly reſpect the Gravity of the Air? You will 
explain them with your uſual Penetration, and 
your Explication will give ſome Light to the 
Truth, += V | 
I pour Mercury into a Veſſel; then I fill 
with Mercury this Glaſs-Tube of 36 Inches, 
cloſed up at one End with a Hog's Bladder. 
I ſtop the other End with my Finger, and 
plunge it into the Mercury in the Veſſel; I 
remove my Finger: The Mercury of the 'Tube 
deſcends, and after ſome Ballancings, ſtops at 
27 or 28 Inches, or thereabouts (a), Fig. 27. - 
Ariſt. I ſee at once the Reaſon of it upon 
your Principles. The Mercury deſcends at 
firſt, being impelled by the Gravity. While it 
deſcends, the accelerated Motion of its Fall 
makes it prevail over the Column of external 
Air, which counterballances it; it is carried 
below the Point of Æquilibrium. But the 
Column of Air being compreſſed, makes its 
ſpring to play; and prevailing in its Turn, it 
carries it back above the Point of Æquilibrium. 
Theſe alternate Victories are repeated till the 
Exceſs of Force 1s loſt : Hence the Ballancings 


or Vibrations, which precede the Æquilibrium. 
X 3 Is 
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Is the Exceſs of Force loſt both on the one | 


Side and the other? The Mercury is ſtopt, 
becauſe it is in a perfect Aquilibrium with the 
Column of Air, which counterballances it; and 
as the Air ought to be ſometimes more, ſome- 
times leſs weighty, in Proportion as it is more 
or leſs charged with Vapours, or more or leſs 
compreſſed by the Wind, the Point of /Equil:- 
brium is ſometimes higher, ſometimes lower, 
Hence Mercury, always obedient to the Laws 
of Equilibrium, reſts without any capricious 
Humour, ſometimes at 27, ſometimes at 28 
Inches, or thereabouts. 

Eud. Make the Experiment in a lower Place, 
the Mercury deſcends leſs. Make it in an 
higher Place, the Mercury deſcends more. 
M. du Perrier made it near Clermont in Au- 
vergne, at the Deſire of M. Paſchal, At the 
Foot of Pierdome f the Mercury deſcended to 
26 Inches three Lines and an half. Upon the 
Brow of the Hill, 150 Fathoms higher, to 25 
Inches, toward the Top, 500 Fathoms higher, 
to 23 Inches two Lines 8. 

Ariſt. The lower the Place is, the higher is 
the Column of Air which ſuſtains the Mercu- 
ry; the higher it is, it ponderates the more, 
ſince Liquids ponderate, as you have made it 
appear b, in Proportion to their Height; the 
more the Column of Air ponderates, the more 


f A Mountain near that Town. 5 Mariote de la Nature 
de Pair, p. 196. b ConveRs. XX. 
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it ſuſtains the Mercury ; the more it ſuſtains it, 
the leſs it ought to deſcend, and the leſs it does 
deſcend. By a contrary Reaſon, the more ele- 
vated a Place is, the ſhorter is the Column of 
Air; the ſhorter it is, the leſs it ponderates; 
the leſs it ponderates, the leſs it ſupports the 
Mercury ; the leſs it ſupports the Mercury, the 
more it ought to deſcend, and the more it 
does deſcend. 

Eud. But in my Cloſet the Column of Air 
is ſhorter, by Reaſon of the Cieling, than thoſe 
of the Palace of the Sorbonne, or the Tuille- 
ries, Is the Mercury lower upon that Ac- 
count? You ſee it almoſt at 28 Inches. 

Ariſt. J have not forgot what you demon- 
ſtrated i, that in Liquids the Action of Gravity 
is diffufed every Way. In a Veſſel made in 
the Form of a Cane, a lateral Column, altho' 
it be ſhorter than that of the Middle, does not 
ponderate leſs upon the Bottom; becaule thoſe 
of the Middle preſs it as much; as they are 
preſſed themſelves immediately by the Cauſe 
of Gravity. After the ſame Manner in your 
Cloſer, the Column of Air, altho' it be ſhorter 
than thoſe without, ponderates no leſs upon 
the Mercury of the Veſſel; becauſe theſe preſs 
it as much as they are immediately preſſed 
themſelves by the Cauſe of Gravity. Now, 
when the ſame Force externally preſſes the 
Mercury in the Veſſel, that of the Tube 
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ought to remain in the ſame Elevation, ſince 
it cannot deſcend without raiſing up the Mer- 
cury in the Veſſel fixed by the ſame Force. 

Eud. 1 ſuppoſe that the Air of my Cloſer 
has no Communication with the Air withour. 
Ought the Mercury to deſcend ? | 

Ariſt. The Mercury of the Tube cannot de- 
ſcend without elevating that of the Veſſel; it 
cannot elevate it without compreſſing the Air 
of your Cloſet: It cannot compreſs it without 
ponderating more than the Air without ; fince 
the Air of your Cloſet retains the Preſſure 
which it received from the Weight of the At- 
moſphere. - But the Mercury in the Tube can- 
not ponderate more than the Air without; 
they are in Aguihibrium: Therefore the Mer- 
cury ought not to deſcend 

Eud. But if the ſmall Column of Air con- 
tained in my Cloſet, ought to ſupport this Mer- 
cury; why does My Hand, which holds the 
Tube, feel the Weight of the Mercury? 

Ariſt. The Hand does not feel the Weight 
of the Mercury. 

Eud. It feels an equal, or almoſt equal 
Weight. 

Ariſt. This equal, or almoſt equal Weight 
is the Weight of the Column which deſcends 
upon the Tube perpendicularly, and which be- 
ing no longer ſupported by the adjacent Co- 
lumn, employed in ſuſtaining the Mercury of 
the Tube itſelf, ponderates upon the Tube with 
all its Force, and conſequently a wo! 

and, 


! 
' 
ſ 
f 
, 
L 
U 


— 


1 
PILL 


mmm 


in 


+ : : 
linen 


. 


Little 


fg. 20. 


1— 


yd Ws . — Wd 


— G 


On the Gravity of the Air, &c. 3 13 


Hand, which ſuſtains it, feel a Weight equal 
to the Weight of the internal Quickſilver, 
ſince it ponderates as much as the neighbour- 
ing Column, which is in Æquilibrio with the 
Mercury. into | 

Eud. The Mercury, according to the Ob- 
ſervation of M. Amontons, remains ſometimes 
unequally ſuſpended in equal Tubes; in Tubes 
of different Glaſs, and much lower in an Iron 
Tube k. 

Ariſt. The Inequality of the Pores muſt 
give Acceſs to ſome Matter more or leſs ſub- 
tile, and unequally ponderous into the Tubes, 

Eud. However that be, without having any 
other Intereſt in View but that of Truth itſelf, 
let us go about to weigh the Air. Let us 
weigh the Column which deſcends upon this 
Tube, Fig. 28. I take off one of the Scales 
of the Balance. Upon the Beam, from which 
I have looſed it, I ſuſpend the Tube (a), which 
always contains the ſame Quantity of Mercu- 
ry. In the other Scale, whoſe Weight equals 
that of the Tube alone, I put the Weight (6) 
of one Pound. That is the Weight of the 
Mercury contained in the Tube. I ſuſtain the 
Balance by the Middle c). Every Thing re- 
mains in a perfect Æquilibrium; the Weight 
of one Pound does not elevate the Tube, which 
can be retained only by the Weight of the Co- 
lumn of Air (a), which deſcends upon the 
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upper End of the Tube. How much does it 
weigh? 

Ariſt. It weighs one Pound. For it weighs 
as much, as the Column which falls upon the 
Mercury of the Veſſel: There is no other Dif- 
ference but the Height of the Tube. Now 
the Column, which falls upon the Mercury of 
the Veſſel, weighs one Pound, fince it ſuſtains 
one Pound of Mercury in the Tube: Therefore 
the ſuperior Column weighs one Pound. In 
ſhort, it hinders a Pound Weight, which is on 
the other Side in the Scale of the Balance, from 
preponderating. 

Eud. ] bore the Bladder (e), which cloſes up 
the Tube, with a Pin. I draw back the Pin. 
There is no more Mercury in the Tube; it is 
all ſunk into the inferior Veſſel already. 

Ariſt. A Column of Air of one Pound, which 
enters through the little Hole of the Bladder, 
with one Pound of Mercury, has made a great- 
er Weight than that of the external Column, 
which ſuſtained the one Pound of Mercury by 
deſcending upon the Mercury in the Veſſel. 
The greater Force ought to prevail, raiſe up 
the weaker, and deſcend. All the Mercury 
has obſerved the Laws of Nature; and here it 
is in the Veſſel. 

Eud. Let us fill with this Mercury another 
Glaſs-Tube, one End of which is cloſed up 
without Vent. I invert it. There is the Mer- 
cury ſuſpended as in the firſt. I lift up the 
lower End as far as the Surface of the Mercu- 
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- which floats in the Veſſel; a Drop of it 
falls from the Tube. You ſee the reſt ſpring 
up rapidly as far as the upper End, which is 
ſometimes broke by ſo ſudden a Motion. 

Ariſt. Whenever a Drop of Mercury comes 
out of the Tube, the Æquilibrium ceaſes. The 
Air, becoming victorious all at once, gives a 
ſudden Impreſſion to the reſt of the Mercury, 
which makes it aſcend haſtily. Thus, when 
two Weights are in Ægquilibrium in a Balance, 
take ſomething away quickly from the one 
Weight; the other will preſently outweigh, and 
rapidly elevate the diminiſhed Weight. 

Eud. This Tube, which they commonly 
call the Toricellian Tube, becauſe Toricellius 
firſt invented it, is a true Barometer, when it 
contains Mercury; ſince it ſerves to meaſure 
the Gravity of the Air, Let an Enameller 
bend it at the lower End, and join a ſmall Phi- 
al to it, which affords Acceſs to the external 
Air: then hang it up perpendicularly upon a 
Board marked with Degrees, to the Height of 
between 27 and 28 Inches, or thereabouts, 
from the Level of the Mercury in the Phial, 
Fig. 29. Ir is a ſingle Barometer which in- 
forms you of fair Weather, Rain, Winds, 
Storms, Calm, or Tempeſt, and diſcovers to 
you beforehand the Dafiger or Safery, the Plea- 
{ure or Toil of a Voyage or Walk. By what 
ſecret Charm does a Tube, filled with Quick- 
filver, diſcover Futurity ? | 


Ariſt 
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Ariſt. I acknowledge I do not well compre- 


hend this ſecret Charm, and the Prognoſtics of 
the Barometer are more certain, as I think, 
than the Cauſe which produces thetn. 

Eud. The Mercury of the Barometer aſcends 
or deſcends, in Proportion as the Air is more 
or leſs ponderous. The Air weighs leſs in rai- 
ny Weather, and more in fair Weather; and 
conſequently it begins to weigh more, when 
the Weather becomes fair. For which Rea- 
ſon the Mercury is lower in rainy Weather, 
and higher in fair Weather. Hence, if the 
Mercury deſcend, it is a Sign. of Rain; if it 
aſcend, it is a Sign of. fine Weather. Here is 
the Charm which makes us foreſee fine Wea» 
ther or Rain, Calm or Tempeſt. 

Ariſt. This ſecret Charm ſtill leaves ſome 
Uneaſineſs in my Mind. In fair Weather, the 
Air appears leſs charged with Vapours or Par- 
ticles of Water. How then does it weigh 
more ? > 

Eud. Then the Air appears leſs charged 
with Vapours; becauſe the Vapors being more 
attenuated by the Rays of the Sun, or by the 
Heat of the Earth, being more ſubtile, and dif- 
fuſed in the great Circles of the Atmoſphere, 
do leſs interrupt the Rays of Light, Neverthe- 
leſs it is more charged; for then the Rivers and 
Fountains diminiſh, the Earth is dryer, and 
the Plants, Flowers and Fruits wither. Where 
are the Vapors, if not in the Atmoſphere? 


Ariſt. 


8842882 
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Ariſt. What, when dull and gloomy Clouds 
veil the Heavens from my Eyes, does the At- 
moſphere contain fewer Vapours, than when 
the Heaven is clear, ſerene, and ſmiling? Pray, 
what is it then that forms thoſe obſcure 
Clouds? 

Eud. They are Vapours that deſcend from 
the more elevated and larger Circles, and which 
being more united in the lower and ſmaller 
Circles, obſtruct the Paſſage of the Light. 

Ariſt. But ought not the Deſcent of Vapours 
to preſs and weigh down the Air, and conſe- 
quently make the Mercury to aſcend? 
| Eud. 1. The Deſcent of the inſenſible Va- 
pours, which precedes the Rain, diſcharges 
the Air imperceptibly; hence the Mercury de- 
ſcends, and prognoſticates Rain, 

2. The Deſcent of the Vapours, united into 
ſenſible Drops, makes the lateral Air to a- 
ſcend, whether it be by their Weight when 
they fall, or by the Efficacy of their Spring and 
Reflection at the End of their Fall. In ſhorr, 
faſten two Bodies of different ſpecific Gravity 
to the two Ends of a Thread, a Bullet of Lead 
for Example, and a Ball of Cork; ſo that 
thoſe two Bodies may ſwim in a long Tube 
full of Liquor. Faſten the Tube perpendicular- 
ly to one of the Radii of a Ballance, and faſten 
an equal Weight to the other. Let this 
Weight and the Tube be in Æquilibrium. Cut 
the Thread which faſtens the Lead and Cork 
together; the Cork aſcends, and the Lead de- 

5 ſcends; 
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ſcends; the Ægquilibrium is loſt; the Tube is 
elevated!, Why? Becauſe the Parts of the Li- 
quor weigh leſs, when they are raiſed up by 
the Weight which deſcends. After the ſame 
Manner the Air being raiſed up by the Vapors 
which fall, ought to be lighter; being lighter, 
it permits the Mercury to fall. Thus the Mer- 
cury being ſunk, foretells the Fall of Vapors 
and Rain. 

They affirm, tis true, that in the torrid 
Zone, which is between the Tropics, the Mer- 
cury aſcends continually in the Night, inſtead 
of deſcending ; altho' the Vapors ariſe in the 
Day Time, and fall down again at Night. But 
in thoſe Regions, 1. The exceſſive Heat dilates 


the Air in an extraordinary Manner in the 


Day Time, and conſequently renders it lighter. 
2. The Fermentations, cauſed by the Violence 
of Heat in the Surface of the Earth and Wa- 
ter, elevate the Air in the Day Time. 3. The 
Vapours and Exhalations that ſpring up on 
high, by the Force of theſe Fermentations, . 
leſs relative Gravity, than when they are in 
Agquilibrium; and compoſe, if I may ſay ſo, 
the ſame liquid Maſs with the Air. | 
Sometimes in this Countrey, a Wind being 


reflected, which blows from below upward, 


bears up the Air, renders it lighter, and pro- 
duces on the Barometer the ſame Effect as 


Rain. 


_ Hiſt, dePAcad. 1711. p. 5. 


Finally, 
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Finally, upon the inferior Mercury of the 

Barometer I pour 14 Inches of Water; the 
Mercury aſcends one Inch in the Tube. 

Ariſt. Becauſe an Inch of Mercury is in - 
quilibrio with 14 Inches of Water. 

Eud. Put into this Water the End of a Sy- 
ringe, draw the Piſton, and the Water fol- 
lows it. 

Ariſt. Is it aſtoniſhing that the external Air, 
which weighs 28 Inches of Mercury, or there- 
abouts, makes the Water to aſcend, when 
lifting up the Piſton you remove all Obſtacle 
to the riſing of the Water? 

Eud. Is it the Air then, which alſo makes 
Water aſcend to about 32 Foot in attracti 
Pumps, when the lower End of the Barrel is 
in the Water, and one draws the Piſton ? 

Ariſt. The Air, which ſuſtains and elevates 
the Mercury to 28 Inches in the Barometer, 
ſuſtains and elevates the Water to 32 Foot, or 
thereabouts, in the attracting Pumps, if the 
Weight of 28 Inches of Mercury, and the 
Weight of 32 Foot of Water, are nearly e- 
qual: But chey are nearly equal; ſince one Inch 
of Mercury, as we have ſaid, equiponderates 
with 14 Inches of Water: Therefore the Air 
ſuſtains and elevates Water to 32 Feet, or there- 
abouts, in attracting Pumps. 

Eud. In the mean Time the more Water 
aſcends in the attracting Pump, the greater Re- 
ſiſtance we find made againſt the Force which 
lifts up the Piſton, 
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Ariſt. The more Water aſcends, the more 
does the Column of Air which bears it up em- 
ploy of its Force to ſupport it; the more of its 
Force it employs for this Uſe, the leſs it has to 
counterballance the perpendicular Column, 
which falls upon the Piſton. The leſs that 
counterballances this, the more this preſerves 
of its Weight for oppoſing itſelf to the Elevati- 
on of the Piſton. Hence the more Water a- 
ſcends, the greater Reſiſtance one feels. 

Eud. The Refiftance then which one feels, 
is not properly the Reſiſtance of the Water. 

Ariſt. It is properly the Reſiſtance of the 
ſuperior Air. 6 

Eud. The Reſiſtance ought to be felt then 
upon the Surface of the Hand, which draws 
the Piſton, and which is under the Column of 
Air, 

Ariſt. That ought not to be, if the Surface 
of the Hand is equally prefled contrary Ways 
by the external and internal Air; for according 
to the Laws of the Union of Soul and Body, 
the Soul does not feel but when ſome Change 
happens in the Body. Now the Surface of the 
Hand is equally preſſed contrary Ways, both 
by the internal and external Air; ſince the firſt 
puſhes back by its Elaſticity, as much as the 
other puſhes by its Weight: Therefore the Re- 
ſiſtance ought not to be felt upon the Hand 
which draws the Piſton. 

Eud. It ought to make itſelf be felt when 


it is. 
7 Ariſt. 
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Ariſt. When it there cauſes any Change in 
the Organs, I grant it. 

Eud. But to conclude, why is it felt in the 
Piſton ? | 

Ariſt. It ought to be felt in the Piſton, if 
the Column which deſcends upon the Piſton 
employs more Force to thruſt it downward, 
than the lateral Column employs to thruſt ir 
upward again; the Hand, which draws the 
Piſton a contrary Way, ought to feel this Ex- 
ceſs of Force. But the Column which de- 
ſcends upon the Piſton, employs more Force to 
thruſt it downward ; ſince in Order to thruſt 
it downward, it employs the Force which the 
lateral Column employs to bear up at once both 
the Water and the Piſton. Therefore, &c. 

The Reſiſtance ought to be felt where the 
free Force of the Weight of the perpendicular 
Column is united. But it is united in the Pi- 
ſton; for it 1s united in the Baſe, and this Baſe 
is the Surface of the Piſton. | 

Eud. Here is, I think, one Fact ſufficiently 
cleared up. Let us now obſerve ſome Marks 
of the Air's Gravity in the Air-Pump, Fig. 1. 
I fit to the Hole of the Copper-Plate the Ori- 
fice of a flat Bottle, caſed with Straw. At 
once pumping out the Air my Bottle is broke. 

Ariſt. According to the Rules of Natural 
Philoſophy, the Bottle ought to break and fall 
into Shivers, as it does, if the two oppoſite 
Sides, Which are, as it were, two oppoſite 
Planes, ought to approach one another: Now 

Vo. I. 1 they 
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they ought to do it. For they cannot be im- 

lled toward one another by two Columns of 
Air, whoſe Diameter is equal to their Diame- 
ters, without advancing toward one another, 
unleſs they be ſupported by an internal Force, 
equal to the Force which impels them. They 
are not ſupported after that Manner, fince the 
Air is pumped out. Therefore, &c. 

Eud. I pump the Air out of the Receiver, 
The Receiver is not broke to Pieces. 

Ariſt. Its Parts being diſpoſed in Form of a 
Vault, and ſuſtained by one another, are Proof 
againſt the Gravity of the external Air. 

Eud. In vain do I try to ſeparate the Re- 
ceiver perpendicularly from the Machine. 

Ariſt. The Action of the Gravity of the Air, 
diffuſed univerſally, retains them united. 

Eud. Therefore it is the Action likewiſe of 
the Air's. Gravity, which hinders my ſepara- 
ting perpendicularly theſe two poliſhed Mar- 

es. 

Ariſt. No doubt of it. 

Eud. In ſhort, I ſuſpend them in the Re- 
ceiver. — I pump the Air out at ſeveral Times, 
— The inferior Marble is ſeparated as of it- 
ſelf. That is becauſe it is no more ſuſtained 


by the Preſſure of the Air. Nevertheleſs I ſe- 


parate them horizontally out of the Receiver, 
without any Obſtacle from the Preſſure of the 
Air. 
Ariſt. When you endeavour to make them 


run, or ſlide upon one another, the Air behind 
them 
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them ſeconds your Effort, as much as the Air 
before them reſiſts it. Hence there is little 
Oppoſition to the horizontal Separation; but 
there is no Air between the two Marbles to ſe- 
cond their perpendicular Separation. You 
have the Preſſure of the Air, which unites them, 
to overcome without any Help. | 

Eud. Theſe Hemiſpheres void of Air, ſo 
famous, and which could ſcarcely be ſeparated 
by Horſes, would no longer aſtonith you. 

Ariſt. No more than the two poliſhed Mar- 
bles. The Union both of the one and other, 
proceeds equally from the Weight and Preſ- 
ſure of the external Air. | 

Eud. But are the two Columns then fo ve- 
ry weighty, which anſwer to the two Hemiſ- 
pheres ? | 

Ariſt. Let us ſuppoſe that the Diameter of 
cach Hemiſphere is a Foat; the Column of 
Air, which anſwers to each Hemiſphere, 
weighs more than 2160 Pounds. It weighs 
more than à Column of 30 cubical Foot of 
Water, ſince it can ſupport 32. Now a Co- 
lumn of 3o cubical Foot of Water weighs 
2160 Pounds; for a cubical Foot of Water 
weighs 72 Pounds; and 72 Pounds, multipli- 
ed by 3o, give 2160 Pounds. Therefore the 
Column of Air, which anſwers to each He- 
miſphere, weighs more than 2160 Pounds. 
What will it be, if you double the Diameter 
of each Hemiſphere ? 


Y2 Eud, 
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Eud. Thus, I think, we have Facts enough 
to prove the Gravity of the Air, and that 
we inceſſantly bear a Weight of more than 
- 1000 Pounds, without perceiving it. Let us 
ſee ſome Facts which particularly reſpect the 
Spring of the Air. But what do I hear? 
They are coming to interrupt us. To Mor- 
row, Ariſtus, I ſhall expect you. I wiſh you 
would be here by five in the Morning, 6 
much Pleaſure do I find in your Converſa- 
tion. 


CoNnvER- 


Upon the Effefts of the Air. 325 


CoNVERSATION XXIII. 


Upon the Effefts of the Spring of the 


Ar. 


Was waiting for you, dear Ariſtus, in making 
Tryal of an excellent Air-Pump. — The 


iſton deſcends at firſt without any Obſtacle. 


+ It has been ſhewn, that the Air has the Properties of other 
Liquids ; but beſides it has another Property, which is, that it 
can take up a greater or leſſer Space, according as it is compreſſed 
with different Force; and as ſoon as that Force is diminiſhed, it 
expands itſelf. By Reaſon of the Analogy of this Effect with the 
Elaſticity of Bodies, this Property of the Air is called its E/a/ticity, 

The Elaſticity of the Air is as its Denſity ; for this laſt is in- 
verſly as the Space taken up by the Air, and therefore as the 
Force compreſſing the Air, which is equal to that by which the 
Air endeavours to expand itſelf, but this Force is its Elaſticity. 
S. Gravesſande's Elem. Phyſ. The Air is loaded by the Weight of 
the whole Atmoſphere preſſing every Way, according to the 
Nature of a Liquid; the Force it exerts does no Way depend up- 
on its Elaſticity ; becauſe whether you ſuppoſe Elaſticity or not, 
that Force which ariſes from the Weight of the Atmoſphere, and 
is equal to it, can no Way be changed: but as the Air is elaſtic, 
it is reduced to ſuch a Space by the Weight of the Atmoſphere, 
as that the Elafticity, which reacts againſt the compreſſing Weight, 
15 equal to that Weight. But the Elaſticity encreaſes and dimi- 
niſhes as the Diſtance of the Particles diminiſhes or increaſes, and 
It is no Matter whether the Air be retained in a certain Space, 
by the Weight of the Atmoſphere, or any other Way. For in 
either Caſe it will endeavour to expand it ſelf with the fame 
Force, and preſs every Way. Therefore if the Air near the 
Earth be included in any Veſſel, without altering its Denſity, the 


Preſſure of the included Air will be equal to the Weight of the 


S whole 
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Ariſt. Becauſe the Dilation of the internal 
Air, which deſcends into the Pump, puſhes 
the Piſton downward, with a Force almoſt e- 
qual to the Reſiſtance of the external Air. 

Eud. The more I pump the internal Air, 
the more the Piſton ſeems to reſiſt.— 

Arijt, The more you pump the internal Air, 
that which remains has a freer Space, and is 
more dilated; the more it is dilated, the leſs 
Force it has to ſecond you ; the leſs it ſeconds 
you, the more you feel the Reſiſtance of the 
external Air; the more you feel that, the more 
the Piſton ſeems to reſiſt. | 
Eud. I draw the Piſton again; you ſee a 
{mall Rain, and the Sides of the Receiver tar- 
niſned and obſcured within. 
 Arift. The internal Air, which is rarified 
ſuddenly, puſhes and ſhakes the imperceptible 
Vapors which flutter in the fame Air; and if 
it is in a certain Degree of Rarefaction, it has 
no longer Force enough to ſuſtain them. Thoſe 
Vapors being united in the Succeſſion, and in 
their Fall, fall down in Rain. Many of them 


whole Atmoſphere. Thus we find Mercury ſuſtained to the ſame 
Height by the elaſtic Force of Air, included in a Glaſs Veſſel, no 
Way communicating with the external Air, as by the Weight of 
the whole Atmoſphere. Id. 15:7. 

The Effects of the Elaſticity of the Air are like thoſe of its 
Gravity; and included Air acts by its Elaſticity, juſt as Air not 
included by its Weight. 

The Particles whereof Air conſiſts do not touch each other; 
their repelling Force keeps them apart; and the Force wherewith 
they endeavour to recede, increaſes in the ſame Ratio wherein the 
Dittance of the Particles is diminiſhed. 
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being thrown upon the Sides of the. Receiver, 
tarniſh it inwardly and obſcure it, ſhutting up 
the Paſſages of Light. 

Eud. When the Piſton has deſcended, I leave 
it at Liberty. It aſcends as of itſelf. 

Ariſt. Becauſe it is thruſt back by the exter- 
nal Air, without finding in the rarefied Air of 
the Barrel, a Reſiſtance equal to the Force 
which thruſts it back. | 

Eud. I let the external Air enter again into 
the Receiver by turning the Key, and by the 
Pipe of Communication; the Receiver is de- 
tached and obeys. 

Ariſt. Becauſe the Air being returned, puſh- 
es it upward with an elaſtic Force, equal to 
the Action of the Gravity of the external Air, 


which puſhes it downward, 
Eud. I have made the Tube of a Barometer 


paſs thro* the bored * of another Receiver, 
which I place upon the Copper-Plate inſtead of 
the firſt, You ſee the Mercury at its ordinary 
Height, in a very ſmall Space, Fig. 30. 

Ariſt. The internal Air retains it there by 
its Spring. 

Eud. I pump out the Air, and the Mercury 
deſcends. 

Ariſt. Becauſe the dilated Air, which re- 
mains, having no longer the ſame Force, does 
no longer ſuſtain the ſame Weight. | 

Eug. I let the Air enter again, The Mer- 


cury aſcends again, 
Y4 Ariſt. 
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Ariſt. The internal Air, being eſtabliſhed a- 
gain in its former State by this Return, has the 
ſame Force which it had before; the ſame 
Force produces the ſame Effect, replaces and 
ſuſtains the Mercury at the ſame Height. 

Eud. I place under another Receiver an old 
and ſhrivelled Apple, and a flaggy Bladder, 
whoſe Neck is well tied; I pump the Air. — 
The Bladder is inflated, and the ſhrivelled Ap- 
ple appears plump to the Eye. — Is it not an 
Apple freſh gathered ? 

Ariſt The Air, which is within the Apple 
and Bladder, being no longer comprefled by 
the external Air, is dilated ; and by its Dilatati- 
on inflates the Bladder, and produces this Spe- 
cies of new Fruit. | 

Eud. Let us permit the Air to enter again, 
the inflated Bladder becomes flaggy, and the 
Apple is ſhrivelled and loſes its new freſh- 
neſs. 

Ariſt. The Air which enters, being more 
compreſſed and ſtronger than the dilated Air 
of the Apple and Bladder, prefles and contracts 
their Extremities. Thus the Bladder and Ap- 
ple reſume their Wrinkles. 

Eud. Let us place a Glaſs of Beer under a 
ſmall Receiver. — Pump the Air. — Here are 
Thouſands of ſmall Bubbles which aſcend. — 
Pump again. — The Beer froths. 

Ariſt. Thouſands of Particles of Air, which 
remained ſhut up and intangled in the Interſti- 
ces. of the Beer, being at laſt delivered from 

| the 


1 
1 
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the Preſſure of the ſuperior Air, are diſengaged, 
dilated and inflated. Being inflated, they have 
thereby much more relative Levity; and being 
forced to aſcend by the Gravity of the Beer, 
they rapidly reach the Surface of the Liquor. 
Every Bubble of Air raiſes up, and carries a- 
long with it a Pellicule, a very minute Surface 
of Liquor, and is wrapped up in it. Hence 
thoſe ſmall, white and numerous Bubbles, 
which ſwim upon the Beer. Thus the Beer 
lathers. 

Eud. Inſtead of the Beer I put a large Glaſs, 
almoſt half full of warm Water. I pump out 
the Air at different Times. The Water riſes 
up with great Bubblings, ſprings up into the 
Vacuity, and boils more ſtrongly than if ir 


were over a great Fire. The Spirit of Wine 
would produce the fame Effect. 


Ariſt, That which makes the Beer lather, 
makes alſo Water and Spirit of Wine to boil. 
Spirit of Wine and Water are impregnated 
with Air. This Air, being eaſed of half the 


a Weight which preſſed it, is ſet at Liberty, and 


unfolds its Spires and Plates. An Exceſs of 
relative Levity makes it yield and aſcend haſti- 
ly. Its rapid Motion bears up, and throws out 
a Number of liquid Surfaces. Thus warm 
Water and Spirit of Wine boil without Fire. 
Eud. But why does warm Water boil rather 
than cold Water? 
Ariſt. Becauſe the Parts of warm Water be- 
ing agitated, divided and diminiſhed by the 
Action 


- 
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Action of the Heat, leave the Particles of Air, 
already heated a little and dilated, freer Paſ- 
ſages to diſengage themſelves. | 

Eud. The Bubbles of Air augment in Bulk, 
and in Proportion as they approach the Sur- 
face. | 
Ariſt. Becauſe in Proportion as they aſcend, 
having leſs Weight to ſuſtain, they are dilated, 

Eud. Let us pierce the End of an Egg. — 
I put it into a ſmall Glaſs, with the pierced 
End downward. Pump out the Air. — You 
ſee the liquid Matter come almoſt all out from 


the Shell. Let the Air return. — The Matter 


diſappears. 
Arift, After the iſſuing out of the external 


Air, the Spring of the internal Air has dilated | 


the liquid Matter, and driven it out of the 
Shell. After the Return of the external Air, 
the internal Air being ſhut up in its former 
State by a ſuperior Force, has left the Place free 
to the liquid Matter. This Matter being thruſt 
back, reenters the Shell, where all is in Æqui- 
librium with the Air of the Receiver. 


Eud. Pour Water into a larger Glaſs. Upon 


the Surface of the Water I put a Spunge im- 
pregnated with Water, and cover it with the 
Receiver. Pump out the Air. The Spunge is 
ſomewhat elevated. Permit the Air to enter 
again. The Spunge finks. Pump again. The 

Spunge aſcends and ſwims above. 
Ariſt. 1. When I pump the firſt Time, the 
Air contained in the Spunge finding itſelf many 
ree, 


Upon the Effects of the Air. 331 


free, is dilated and comes out, in Part at leaſt, 
What Air remains in the Spunge, altho' it be 


much weaker than before, is ſufficient to give a 


greater Bulk to the Spunge by its Dilation. 
This Exceſs of Bulk renders it lighter. Being 
lighter, it aſcends a little. 2. I make the ex- 
ternal Air to re-enter. This Air being much 
ſtronger than the diminiſhed and weakened 
Air of the Spunge, compreſſes it. By com- 
preſſing it, the Spunge is contracted into a leſs 
Bulk, and more compact than it was before. 
By that Means the Spunge becoming more 
weighty than an equal Volume of Water, ſinks. 
3. Whenever I pump again, the internal Air 
not having the Preſſure of the pumped Air to 
ſuſtain any longer, is dilated again, and dilates 
the Spunge. The Spunge being dilated and 
more light, recovers the Surface of the Water. 
I need only continue the ſame Mechaniſm, and 
the Spunge will continue its Diverſion by the 
ſame Reaſon. 

Eud. Do you fee, Ariſtus, this other Speci- 
es of ſmall Receiver? It is a Cupping-Glaſs. 
They apply it full of the light Flame of a lit- 
tle Flax upon Cicatrices made on the Shoulder 
of a Man in a Lethargy. Whenever the Flame 
is extinguiſhed, the Fleſh, which anſwers to 
the hollow of the Cupping-Glaſs, is inflated, 
and the Blood thrown our. 

Ariſt. The Flame expels much Air from the 
Cupping-Glaſs, and rarefies the reſt in an ex- 
traordinary Manner. It is extinguiſhed? The 

Air, 
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Air, which is in the Blood and Fleſh, and 
which has loſt nothing of its Force, is ſtrong- 
er than the dilated Air of the Cupping-Glaſs, 
and is extended. This Extenſion inflates the 
Fleſh, and rarifies the Blood; the Blood being 
rarified is thrown forth, 

Eud. One Fact more of the Spring of the 
Air, which pleaſes the Eye without hurting the 
Imagination, You ſee this ſmall enamelled 
Figure of a Man (a), Fig 31. It is full of 
Air. It has in the Leg a ſmall Eminence, bored 
through and through. I fill this Glaſs-Tube 
with Water by the lower End. The little Fi- 
gure immediately ſwims, then it deſcends, af- 
cends again, reſts, whirls about, dances, and 
repeats the ſame Scene at Pleaſure. 

Ariſt. Let us ſee the Experiment. 

Eud. You ſee the little Figure ſwim above. 

Ariſt. The Reaſon is, becauſe the internal 
Air makes with the enamelled Picture, a Bulk 
lighter than an equal Bulk of Water. 

Eud. I preſs with my Thumb the Orifice of 
the Tube. The little Man is plunged to the 
Bottom. $9. 

Ariſt. The Water being compreſſed by the 
Action of the Thumb, enters into the little 
Hole of the Leg, compreſſes the internal Air, 
and renders the Bulk more heavy. Being more 
heavy, it finks to the Bottom. 

Eud. J ceaſe to preſs the Water, always 
clofing up the Orifice of the Tube with my 

Thumb. 
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Thumb. The little enamelled Man aſcends 


again. 

a Ariſt. The Water, which ceaſes to be com- 
preſſed by the Thumb, yields to the Spring of 
the internal Air, which is dilated; it comes out 
of the Leg. The Figure becomes lighter. Be- 
ing lighter, it is thruſt back toward the Sur- 
face of the Water. | 

Eud. While it aſcends again, I fay but one 
Word, and it reſts in the Middle of its Journey. 

Ariſt. The Word alone would be very inef- 
fectual; but you ſtay your Thumb upon the 
Surface of the Water; you preſs it ſo, that it 
flows into the ſmall Hole of the Leg, preciſely 
in ſuch a Quantity, as is neceſſary for putting 
the enamelled Figure into an Æquilibrium. 
This, I believe, is the Charm, which at once 
ſtops it half Way. 

Eud. Is it alſo then my Thumb, which de- 
termines it at once to whirl about, and to 
dance in the Middle of the Tube ? 

Ariſt. While at different Times you fink and 
raiſe your Thumb with a certain Quicknefs, 
the Air and Water are alternately victorious in 
the Hole of the Leg. In this Sort of Conflict 
they haſtily daſh againſt the ſmall Eminence, 
and give it a Direction to go toward the Right 
or Left. The Figure cannot follow this Di- 
rection; the Obſtacle of the Water impedes it. 
But by turning about, it may yield itſelf to the 
Motion which it has received; it turns about 
according to your Laws of Motion, it whirls 

round, 
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round, dances mechanically; and this is con- 
tinually in Appearance with ſome Succels. 

Eud. Now with the Breath alone, or with 
a Pair of Bellows, let us condenſe the Air u 
on the Water in a cloſe Veſſel; out of which 
the Water may ſpout by a Tube, one End 
whereof deſcends as far as the Bottom of the 
Veſſel, while a moveable Key opens and ſhuts 
the other End, Fig. 32. The Water ſpouts 
up, and makes an artificial Fountain. Upon 
the Water ſpouting up I place a Wax-Ball, or 
rather a Copper-Ball, hollow and very thin. 
The Water which touches it, ſuſtains it, makes 
it to turn about, and turns about itſelf, till it 
get off and be thrown out in Streams, which 
are like ſo many Tangents (a a a). 

Ariſt. The Water being compreſſed by the 
internal Air extraordinarily condenfed, and 
thruſt back by the external Air, which 1s only 
in its ordinary Condenſation, yields to the 
greater Force, overcomes the weaker, and is 
darted out into the Air. The Force of the 
Water ſuſtains the Ball, which is of Copper, 
but very thin, and full of Air. The Water 
which ſtrikes it, but not preciſely in the Mid- 
dle, makes it turn round; and flowing upon 
the Surface, where it ſticks a little, turns itſelf 
round, till the Force which makes it turn, de- 
taches it. Then it follows the ſecond general 
Rule of Motion, and goes off by the Tangent, 
as all Bodies do which are moved circularly, 
whenever they are at Liberty. a 

ud. 
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Eud. Let us place the fame Veſſel over the 
Fire, without condenſing the internal Air; 
the Water ſpouts up. | 

Ariſt. The Heat dilates the internal Air; 
the Air being dilated forces the Water to ſpout 
up. This is a Species of Æolipile. 

Eud. Imagine now, or rather conſider two 
Pipes of Tin, perpendicular to the Horizon, 
open at the two Ends, and ſunk into two Sorts 
of Drums of the ſame Matter (a, ö,) Fg. 33. 
The one of the Tubes {c) pierces the ſuperior 
Drum (a), quite through, and deſcends al- 
moſt to the Bottom of the inferior Drum (; 
the other Tube (d), which only penetrates 
the ſuperior Plane of the inferior Drum, 
penetrates into the other Drum as far as the 
ſuperior Plane. In the Middle of the ſupe- 
rior Drum is a ſmall Tube (e), which de- 
ſcends almoſt to the Bottom of the ſame Drum. 
This Machine they call the Fountain of Heron. 
By the Tube in the Middle, I fill the upper 
Drum with Wine. I leave therein no Paſſage 
but through a little pyramidal Pipe. Then 
by the Pipe which pierces the upper Drum 
quite through, I pour in Water into the lower 
Drum. There is Wine which iſſues out of the 
other, and ſprings up into the Air. Is it not 
Magic that makes Wine to ſpout out from 
the Boſom of Water itſelf? | 

Arift. The Water being poured through the 
Tube fills the — — When the 
Drum is filled with Water, the Air which filled 


7 it 
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it removes through the ſecond Tube, is diffu- 0¹ 
ſed and condenſed above the Wine in the ſu- w 
perior Drum. The Wine being impelled by p1 
the Spring of the Air extraordinarily condenſed, di 
and finding a Paſlage by the inferior and the V 
ſuperior Ends of the pyramidal Tube, iſſues m 


out with ſo much the more Velocity, as it fr 
paſſes from a larger Place through a ſtraiter th 
Vent. It ſprings up, and is darted far above Cl 
its Source; and the Spring of the Air is the ſe- to 
cret Charm, which ſeems to make the Wine W 
ſpout out from the Boſom of Water itſelf. th 


Eud. After this, nothing ſeems to be more | 
evident in natural Philoſophy than the Spring C 
of the Air; a Spring ſo much the more per- Pl 
fect, becauſe the Time of its Tenſion does not el 
change it, as that of Wood or Steel. For M. I 
de Roberval, of the Royal Academy of Scien- | 
ces, having ler his Air-Gun remain charged fri 
with condenſed Air for the Space of fixteen cli 
Years; this Air, being at laſt ſet at Liberty, da 
appeared to have loſt nothing of its elaſtic Force, 
and produced the ſame Effect which it would 
have done at firſt m. 
 Ariſt, I do not demand a Demonſtration; I 
would only have a plauſible Reaſon of this 
Fact. Eud. 1. The Air being a more ſimple 
Body than other elaſtic Bodies, ought to be 
changed with the greater Difficulty. 2. The 
ſubtile Matter flowing alone through the Pores 


m Hiſt. de Acad. 1695. p. 368. 
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or Interſtices of the Air, without being charged 
with Air, or Spirits of Nitre, or groſſer Cor- 
puſcles, as it is when it penetrates other Bo- 


dies, ought to damage the Air leſs. 3. In a 
Word, the ſmall Branches of condenſed Air 


make a Maſs, whoſe united Forces preſerye it 


from the Action of the ſubtile Matter. Hi- 
therto we have ſeen, I think, Facts enough pe- 
culiar to Gravity; and Facts enough peculiar 
to the Spring of the Air; let us ſee ſome Facts 
which ſeem to regard both the Gravity and 
the Spring at the ſame Time. 

Ariſt. Muſt I my ſelf, Eudoxus, interrupt a 
Converſation, wherein you give me ſo much 
Pleaſure? But a Duty of Friendſhip calls me 
elſewhere. At one o' Clock in the Afternoon 
I ſhall wait on you here. 


Eud. An honeſt Man does not neglect a 


friendly Office ; ſhould a Philoſopher then de- 
cline it? Philoſophy knows how to accommo⸗ 


date itſelf to the Laws of ſound Morality. 
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Upon divers curious Fffefts of Gravity 
and Elaſticity of the Air in different 
Bockes. 

Eud, ILL you believe it, Ari/tus? The 

Air infinuates itſelf, and is, in 

ſome Sort, diflolved in Water; eſpecially in 

boiled Water. Boil ſome Water for about an 

Hour. Let it cool again: Then fill a Phial 

with it, whoſe Belly is very round. Cloſe it 

up with your Finger in ſuch ſort, that you may 

let the Air enter into it, about the Bigneſs of a 

Filberd. Turn it topſy turvy. Plunge the 

End of it into a Glaſs full of the ſame Water: 

In three or four Days this Air will be almoſt 

wholly loſt in the Liquor. I put a ſmall Bub- 

ble of Air of two or three Lines into a Glaſs 

Phial, full of River Water, which has not 

boiled. The Bubble of Air is alſo loſt in the 

Water; but more than fifteen Days are requi- 

red, to make it diſappear a. 

Spirit of Wine, out of which the Air 1s 
gone, fucks it up in leſs than three Hours “. 


n Mariote de la Nature de VAir, p. 97. 106. * Mari- 
Ariſt. 


ote, p. 132. 
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Ariſt. In this Experiment the Weight and 


Preſſure of the external Air, which can elevate 
32 Foot of Water, puſhes the Water of the 
Phial agaioſt che Bubble of Aig, which ſwims 
above. The Bubble of Air thruſts back the 
Water by the Efficacy of its Spring. In this 
reciprocal Action the Particles of Air gradually 
divide the Particles of Water; the Particles of 
Water divide the Particles of Air: The one 
finds Acceſs into the Interſtices of the other. 


Thus the Air penetrates, is diſſolved, and loſt 


after ſome Days in boiled Water. 

By the fame Reaſon, the Air is loſt in Wa- 
ter, which has not boiled: But the Effe& is 
not ſo ſpeedy, becauſe the Particles of boiled 
Water being divided and diminiſhed by the A- 
gitation of the Heat, find a more eaſy Acceſs 
into the Interſtices of the Particles of Air, and 
mutually afford them more eaſie Acceſs into 
their own Interſtices, than Water which has 
never been boiled. By this one ſufficiently un- 
derſtands why Spirit of Wine ſucks up Air ſo 
quickly. 

Eud. Nevertheleſs Air is mixed more diffi- 
cultly with Water, than Wine. I place in the 
Bottom of a Veſſel, full of Water, this Bottle 
full of Air, whoſe Neck is three or four Lines 
wide. No Air comes out of it, no Water en- 


ters into it. I fill the Bottle with pure Wine. 


The Water penetrates the Wine, and the Wine 
the Water. You ſee it open itſelf a Paſſage 
Z 2 through 
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through a heavier Liquor, and gain the Sur- 
face of the Water o. | 

Ariſt. The Particles of Air are ſmall, mi- 
nute, and fine; but ramous, according to 
the Definition Which you have given of them, 
Wherefore thoſe Particles intangled in one an- 
other, in the ſmall Neck, make a ſmall uni- 
form and ſmooth Surface, and ſuſtain the Wa- 
ter by their Spring To much the more eaſily, 
becauſe the Water preſſing equally and at once 
all the Parts of the ſmall uniform and ſmooth 
Surface finds no Accels into it, nor makes Co- 
lumns unequally weighty with the inferior Air, 
which might give Place to one another. Hence 
the Water does not enter into the Bottle ; nor 
does the Air come out of it. But the Parti- 
cles of Wine, as well as thoſe of Water, are 
more groſs, ſolid, and leſs uniform. They 
make a Surface leſs ſmooth; afford Acceſs into 
one another, rub, touch, and agitate one another 
in more Parts, and make more Columns of un- 
equal Force. Hence Water being heavier than 
Wine, inſinuates itſelf, deſcends, and makes 
the Wine to aſcend by ſmall Streams. 

Eud. But finally, do you believe that the Air 
has the ſame Bulk in Water as without it? 

Ariſt. It ought to be more contracted in 
Water, fince therein it is charged with a great- 
er Weight, 


* Mariote de la Nature de Air, p. 94. 
Eud. 
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Eud. Accordingly M. Mariote has obſerved 
that the Air, which he had expreſſed from a 
Drop of hot Water, contained, when cold a- 
gain, eight or ten Times more Space than a 
Drop of the fame Water 7. According to the 
Principles and Calculation of this ſkilful Mem- 
ber of the Academy, the Air may be dilated 
more than four Thouſand Times beyond what 
it is in Liquors and near the Earth, 

Hence, Air which is more condenſed in Li- 
quors, Plants, Flowers and Fruits, than with- 
out them, cauſes Evaporations by the extraor- 
dinary Effects which it makes in Order to ex- 
tend itſelf; and at laſt contributes to the Cor- 
ruption of thoſe Bodies. Wine loſes its Spirit; 
Flowers decay; Fruits loſe their Sap, become 
inſipid, and putrifie. Theſe Bodies common- 
ly are better preſerved in cloſe Places. Herbs, 
which would wither in leſs than an Hour in 
the open Air, remain freſh two or three Days 
when preſſed between two Linnen Cloths. Put 
Cherries into a ſmall Phial in the Month of 
June. Cloſe up the Mouth with red and viſ- 
cous Wax; and at the End of nine Days you 
will find the Cherries ſtill intire, and of the 
fame Colour". The Leaves which compoſe 
the Calix of a Tulip, preſerve their Shades and 
the Livelineſs of their Colours in a Book. Blood 
contained in a ſmall Matraſs hermetically ſeal- 


P Mariote de la Nature de VAir, p. 111. 4 Mariote de 
la Nature de VAir, p. 170, 177. r Ibid. p. 223. 
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cd up, has been ſeen to preſerve a fine Colour 
and its Liquidity for the Space of ren Yearss, 
The Reaſon is, becauſe the Air of thoſe Bo. 
dies, finding more Reſiſtance made to its Di- 
latation in cloſe Places, produces fewer Eva- 
porations, and the Action of the external Air, 
commonly charged with heterogeneous Cor- 
puſcles, cauſes leſs Change in it. | 

But does this Air which inſinvates itſelf fo 
ſubtly into different Bodies, paſs through Pa- 
per? Here's an Experiment which will con- 
vince us. — Upon the upper End of a Baro- 
meter, whoſe two Ends are open, I glue a 
{mall Circle of Paper, with a Mixture of Wax 
and Roſin; ſo that the Air cannot enter but 
through the Paper itſelf. I pour between 15 
and 16 Inches of Mercury into the Tube, and 
invert it after the uſual Manner. The Mer- 
cury deſcends ſuddenly to a certain Point; then 
it ſeems to ſtop. But in a ſhort Time it de- 
ſcends more flowly, till it be almoſt on a Le- 
vel with the Mercury into which the lower End 
is plunged i. 

Ariſt. 1. The Mercury deſcends ſuddenly 
to a certain Point, becauſe with the Spring of 
the internal Air it makes a ſtronger Column 
than the external one. 2. It ſtops in Appear- 
ance; becauſe the internal Air being dilated, 
and the Mercury having fallen down, are in 
Aquilibrium with the external Air. 3. But in 


s p. 221. et Mem, de I! Acad. 1714. P. 59. 
- a ſhort 
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a ſhort Time the Mercury begins again to run 
gently ; becauſe the external Air enters through 
-the Pores of the Paper. 4. The Mercury de- 
ſcends gradually to the Level, becauſe the leaſt 
Exceſs of Force in the Air is ſufficient to find 
ſome Paſſages in the Paper. 

Eud. If I make Uſe of fine Paper, the Mer- 
cury deſcends the more ſwiftly. 

Ariſt. That is becauſe in the fine Paper the 
Air finds more open Pores. 

Eud. But proportionally as the Mercury de- 
ſcends, it deſcends more ſlowly. 

Ariſt. In Proportion as it deſcends, the Co- 
lumn, which ſuſtains it, having leſs Mercury to 
| ſuſtain, ſupports the Column, which ponde- 
rates upon the Paper, ſo much the more. This 
being more ſupported, makes leſs Effort in Or- 
der to- paſs through the Paper, which oppoſes 
its Paſſage. With a leſs Effort, it penetrates 
more ſlowly. The Mercury being impelled 
more ſlowly, deſcends ſo much the flower. 

Eud. I ſoak the Paper with Water. The 
Mercury remains ſenſibly ſuſpended, until the 
Paper begins to dry. 

Ariſt. Becauſe the Water ſtops up the Pores 
of the Paper, and hinders the external Air from 
entering ſenſibly into the Tube. 

Eud. Indeed, Seamen, when they have a 
Mind to fail more ſwiftly, wet the Sails; that 
ſo the Water ſtopping the Interſtices of the 
Sails may ſhut up the Paſſage of the Wind, and 


that the Wind or agitated Air may puſh the 
24 Sails 
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Sails with all its Force, and no Part of it paſs 
unprofitably through the Pores. 

But the Air, which is in the Pores of the 
Paper, does not hinder Water to paſs through); 
why then does not Water let Air paſs through? 

Ariſt. Air, which is finer than Water, is not 

ſufficiently attached to the internal Surfaces of 
the Paper, nor has Conſiſtence enough to ſu- 
{tain the Gravity of Water that is more weigh- 
ty and ſolid; it lets it paſs through. The Wa- 
ter being more ſolid and groſs, which wets, 
ſoaks, and lengthens the Paper, is ſufficiently 
iupported by the unequal Surfaces of the Pores; 
it has, Conſiſtence enough for ſuſtaining the 
Gravity and Efiort of the external Air, and 
ſtops ir. 
Bud. Is the Air, ſay you, finer than Water? 
Nevertheleſs theſe two Liquids being protruded 
by the ſame Force, the laſt in certain Circum- 
ſtances paſſes through Places, which the firſt 
cannot, Inſtead of Paper I cover the Top of 
the Barometer with a Hog's Bladder. The Air 
alone does not penetrate the Bladder, but Wa- 
ter penetrates it. 

Ariſt. That is, becauſe the Exceſs of Soli- 
dity, which is in the Particles of Water, pre- 


vailing over the Exceſs of Tenuity which is in 


the Particles of Air, thoſe have Motion and 
Force enough to open the Texture of the Blad- 
der, while theſe, being retarded by their ſmall 


v Mem, de FAcad. 1714. p. 61. 
Branches, 
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Branches, have not. In ſhort, Water wets, 
ſoaks, and lengthens the Bladder. 

Eud A Fact renders your Sentiment plauſi- 
ble. The Particles of Water, which penetrate 
the Bladder, bring Air into the Barometer *. 
This Air they contain in themſelves: There- 
fore they are more groſs than the Particles of 
Air: Notwithſtanding they paſs through In- 
ter ſtices, which the Particles of Air alone do 
not paſs through; therefore it is the Exceſs of 
the Solidity of the firſt, which makes them 
find a Paſſage, where the other find none, not- 
withſtanding their exceſſive Smallneſs. 

Hitherto we have ſpoken of the groſs Air, 
which forms Speech itſelf, as we ſhall one Day 
ſee. Let us conclude our Converſation with a 
Fact which reſpects a finer Air. 

With a Tube they take up a little of the 
melted Matter, whereof Glaſſes are made f. 
You let it run and fall into a Pail full of Wa- 
ter; and becauſe this Matter is very viſcous, the 
inferior Part being thicker and heavier flows 


* Ibid. p. 62. 


+ Becauſe Glaſs is a Body which has a Power of Springing; it 
is probable, that this Glaſs-Drop is broke in the ſame Manner, as 
a Steel Bow burſts in Pieces ſometimes, when it is looſened on a 
ſudden, ig. by the too great Celerizy and Force of that Motion 
which ariſes from the mutual Attraction of its Parts. For its 
Parts from the Center to the Circumference, ſeem to be like ſo 
many Bows bent. And thence perhaps it is, that after it is burſt 
to Pieces, its Fiſſures are diſpoſed like ſo many Ragii drawn from 
the Axis to the Superficies, as Mr. Hoot obſerved in a Glaſs Drop 


covered over with Glue: See Hook's Micrography Obſery. 7. 
Clarke's Roahault. : 
wich- 
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without being wholly detached, and is length- 


ened out in Form of a Tear. This ſort of 
Tear is ſometimes called the Lacryma of Pru/- 
fia, and ſometimes the Lacryma of Holland. 
The Tear, which falls all red into the Water, 
is cooled therein; here is one, Fig. 34. I 
ſtrike with an Hammer the thickeſt Part of it 
ſd), or the Head of the Tear, without its 
breaking. 

Ariſt. I am not aſtoniſhed at it. The Parts 
which are ſtruck, being diſpoſed in Form of a 
Vault, and ſupporting one another, ought to 
be Proof againſt your Blows. 

Eud. But I break the finer Part (), or Tail 
of the Glaſs Tear. — You ſee the whole Tear 
fly aſunder at once into white Duſt two or 
three Foot round about *. 

Ariſt. Doubtleſs the Fact is ſurprizing. Not- 
withſtanding I think that, by Favour of the 
Lights which I owe to you, I diſcern the 
Cauſe of it in a finer Air, which ſuddenly paſ- 
fing from a larger Space into the open Pores.of 
the broken Tail, runs rapidly into a Thouſand 
and Thouſand ſmall Cells, which grow wider 
and wider toward the Middle, then narrower 
and narrower toward the Extremities, and 
which the Irruption of the Air drives aſunder 
by the Efficacy of its Spring and accelerated 
Motion. 


Mir. de la nat. de V Air, p. 64. 
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Whenever the Tear falls into the Water, the 
Particles of its Surface being ſuddenly ſeized 
with the cold of the Water, are cooled again 


and hardened immediately, while the internal 


Parts being extraordinarily dilated by the Heat 
and by an Air that is dilated itſelf, are till 
red. The Parts of the Surface being cooled at 
once, are neither drawn near enough one an- 
other, nor well faſtened together, nor can they 
approach the Center any more. Hence, when 
the internal Parts come to be cooled, in Pro- 
portion as they are diſtant from the Surface, 
they leave ſmaller Interſtices toward the Sur- 
face, and greater toward the Middle. Theſe 
Interſtices only contain a rarified Air: For 
which Reaſon, when the fine Air finds an En- 
try through the Pores of the broken Tail, ic 
enters briſkly into the internal and more ſpaci- 
ous Interſtices; thence it drives out a more 
ſubtile Matter; and from the Middle of a 
Thouſand Cellules, the ſmall Lamine of fine 
Air are rapidly hurried toward the Extremi- 
ties, with an Acceleration of Velocity, and like 
ſo many Wedges, through Paſſages which con- 
ſtantly grow ſtraiter. This impetuous and ſud- 
den Effort enlarges the Pores, and ſeparates 
the Parts, already but badly united. The Sud- 
denneſs of the Shock darts out the Particles to- 


ward a Thouſand different Parts. Thus the 


Drop is crumbled into Duſt. 
This Reaſon ſeems to me ſo much the more 
probable, becauſe the Air, which ſuddenly 
| finds 


mY l | — — --1 * LI * — <0 — - _ 
— 3 3 — — 3 N * — * [I ID — — - \ 
by 3 . — . S 7 „ —— = 4 _I—C — —_ IE * — ——— — 
_ * * — " - * 
2 _—_ > * = — 2 * — =: — — Zo S- 
4 — A * — * = - 
- M2 < . - — — » ” ** — = * — — 
» 
_ 
TA — _ = © 6. 2 — — — 
- — -— — — ol 


r 


— 


— — — 
CC ae ae AW — 


——. — 


343 CoxvxRSATIOX XXIV. 
finds Acceſs through the lower End of a Ba- 


rometer in an Experiment, throws the Mercu- 
ry upward with ſo great a Violence, as you 
were ſaying not long ago, that ſometimes it 
breaks even the Tube itſelf. 

Eud. Many Circumſtances confirm your 
Sentiment. For 1. The Tears, which are 
cooled in the Air, do not break. Why? Be- 
cauſe their Particles, which are cooled ſlowly, 
almoſt in the ſame Time, and equally, are uni- 
ted, and make the Air within reſume a Con- 
denſation, equal almoſt to that of the Air 
without. | 

2. Drops that are nealed, no more break 
than thoſe cooled in the Air; becauſe 
the Air from without finding the Matter of 
thoſe Tears ſoftened by the Heat, makes it 
re-enter within, compreſſes the internal Air, 
and by that Means prevents the Irruption and 


impetuous ſhaking of the fine Air, which 


breaks the Drops that are cooled in Water. 

3. Put a Pin into the large Bubbles, half 
poliſhed with Preſs-Sand, upon' a Plate of 
Steel, or elſe with very fine Powder of Eme- 

: Sometimes the Tear is broke; the Pin 
which makes the external Air to enter, cauſes 
the breaking of the Drop. Sometimes alſo 
it is broken when the Pin is no longer in it, and 


when one ceaſes to make any more the leaſt 
Effort y. | | 


Mr. de la nat. de “Air, p. 72. 
The 


On divers Effects of Gravity, &c. 349 
The Drops of Glaſs are broken in the Air- 
pump with a greater Effect ſo as to pro- 
duce Light *; becauſe there remains fine Air 
enough to break them by its ſudden and vio- 
lent Irruption, and becauſe there is much leſs 
groſs Air, which might hinder the ſcattering of 
the detached Fragments. 

Finally, when you defire it, Ariſtus, we 
will ſee in Syphons and capillary Tubes ſome 
ſingular Facts, wherein the Gravity and Spring 
of the Air, and the ſubtile Matter itſelf, appear 
to have a great Share. | 


2 Hiſt. de Acad. 1692. p. 307. 
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Concerning Hypbons and Capillary 


Tubes. 


Eud. I ET us continue our Experiments, 


Ariſtus. I take a Syphon. It is a 


crooked Glaſs, one of whoſe Branches is ſhort- 
er than the other, Fig. 35. I put the ſhorter 
one into the Water. The Water remains calm. 
I ſuck the Air from the two Branches. You 

ſee the Water flow. : 
Ariſt. Before you ſuck the internal Air, it 
oppoſes the Elevation of the Water with a Force 
equal to the Force of the external Air, which 
preſſes and ſtrives to elevate the Water in the 
Syphon; and the Water remains in Ægquilibri- 
um between two equal Forces. But after you 
have ſucked the internal Air, the Water that 
anſwers to the Syphon being preſſed by the 
Weight of the external Air, which would ele- 
vate it to 32 Foot, and being no longer retain- 
ed by an equal Force, aſcends through the ſmall 
Branch as far as the Communication of the two 
Branches. Then the Efficacy of the Preſſure, 
which makes it. aſcend, and its own Wi 
make 
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make it deſcend and flow through the longer 
one. 


free Air, lets the Water run out more ſlowly 
in an Air-Pump, in Proportion as you pump 
out the Air; and when the Air fails, the Sy- 
phon ſtops :. But ſince the Column of Air, 
which anſwers to the End of the longeſt 
Branch, is longer and heavier than the Column 
which makes the Water at firſt aſcend, why 
does it not make it to aſcend again, or at leaſt 
detain it ſuſpended ? | 8 

Ariſt. The Column of Air, which anſwers 
to the End of the longeſt Branch, is longer: But 
it has more Liquor to ſuſtain; and this Exceſs 
of Liquor ſurpaſſes the Exceſs of the longer 
Column, in Gravity: Therefore it muſt give 
Place, and permit the Water to flow. By the 
ſame Reaſon, the Water will not aſcend, if 
you plunge into it only the End of. the longer 
Branch. | 

Eud. Nevertheleſs the capillary or very mi- 
nute Syphon does not ceaſe to play in the Va- 
cuum Þ, and Pieces of Cloth, eſpecially when 
the Cloth is wetted before the Experiment, are 
full of imperceptible Pipes, which begin to 


play in the Vacuum, and make Liquors to paſs 


from one Veſſel into another c. 


* Hiſt. del Acad. an. 1714. p. 85. d Hiſt. de PAcad. 
1714. p. 86. Mem. p. 336. c Mem. de VAcad. p. 339. 


Arift. 


Eud. Thus the Syphon, ſer a going in the * 
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Ariſt. The Beginning or Continuance of this 
Diverſion ſeems a little contrary to the Hypo- 
theſis of the Air's Gravity. 

Eud. Nothing in the Main is more con- 
formable to it; and in Order to conceive it, 
let us try to diſcover firſt why Liquor aſcends, 
and is ſuſtained above its Level in the capilla- 
ry Tube, Fig. 36. Is it becauſe the external 
Air bears it up, and the Air which deſcends in- 
to the Tube does not act freely upon it, ſo as 
to thruft it back, by Reaſon of the Smallneſs 
of the Space? Some able Philoſophers have been 
of this Opinion: But, 1. The Air, which finds 
free Acceſs into the Barometer through the 
Hole which is made in the Bladder that cloſes 
up the ſuperior End, ought to find free Acceſs 
into a Tube, whoſe Diameter is much larger 
notwithſtanding its Smallneſs, and to drive 
downward the Liquor with as much Force as 
it is puſhed upward. 2. Under the Receiver 
that 1s void of Air, the Liquor is equally ele- 
vated d. The fame Elevation ſubſiſts, and is 
likewiſe ſome what increaſed ©, becauſe the Air 
contained in the Liquor extends it ſtill more by 
the Exceſs of its Dilatation. 

What is it then which cauſes the Elevation 
of a Column of Liquor in a capillary Pipe a- 
bove its Level? The mutual Adheſion of the 
Parts of the Liquor, and the Adlieſion of the 


4 Mem, de VAcad. p. 345. © Mem. de VAcad- 1705. 
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Concerning Syphons, &c. 353 
liquid Column to the internal Surface of the 
ſmall Pipe; the Spring of the Air contained in 
the elevated Column, the Viſcoſity of its Parts, 
or the Facility which their Homogeneity and 
Texture afford them of being united to one 
another; and very probably an Armoſphete, or 
Vortex of ſubtile Matter which circulates round 
about Bodies, at leaſt about the greateſt Part 
of them. 25 | 

In ſhort, 1. The Particles of Water adhere 
to one another; otherwiſe, in the Time of 
Dew we ſhould not fee ſo many Drops of Wa- 
ter ſuſpended upon the Leaves of Plants; the 
Particles being ſeparated. by their Gravity 
would not compoſe ſo many Drops; neither 
would two Drops of Water be united again in- 
to one; as they are, in their firſt Contact. 

2. The Particles of Water ſtick to Glaſs, 
and the mutual Adheſion of the Particles of 
Water, as M. Petit his remarked f, is leſs 
ſtrong than their Adheſion to the Glaſs. For 
if one wet a clean Glaſs, and ſhake it, many 
Particles or Surfaces of Water are looſed from 
one another, while ſtill the whole Surface of 
the wetted Glaſs remains covered over with 
Water. 

3. The Adheſion of Liquor to the Sides of a 
capillary Pipe is ſo much the greater, becauſe 
the Column of Liquor being more fine, touches 


f Mem. de PAcad. 1724. p. 101. 
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them in a larger Surface with Reſpect to its 
Maſs. 

4. The Adheſion to the Sides of the Tube 
diminiſhes the relative Gravity of the adhering 
Column, fince it hinders the Particles of this 
Column from ponderating as freely upon the 
Bottom of the Veſſel, as the Columns ſurround- 
ing it, The Column being diminiſhed in 
Weight yields to the Spring of the Air which 
it contains in its Interſtices, and to the Neigh- 
bouring Columns, and aſcends until it be in 
an Mquilibrium with them by the Exceſs of 


its Height. 


In a Word, take away the Adheſion and you 
hinder or diminiſh the Elevation. If one cover 
the inſide of the Tube with a Lay of very 
thin Tallow, the Water does not — the Le- 
vel of the other Columns; if it be not covered as 
far as the Level, the Water aſcends above it 
to its uſual Point. Cover preciſely. one Side, 
and the Water does not paſs the Level on that 
Side, but on the other. | 

Ihe Air contained in the Column which is 
elevated, finding itſelf relieved by the Adheſi- 
on of the ſuperior Parts, bears them up by di- 
lating itſelf, and carries thoſe above the Level 
with it, from which it cannot wholly diſen- 
gage itſelf. The Viſcoſity, Texture, and Ho- 
mogeneouſneſs of the Parts is the Cauſe why 
they are united, and ſuſtain one another, 
whenever they can touch; touching one an- 


other 
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other in a larger Surface, they leave the leſs 
Fluid capable of oppoſing their Union. 

Before the Experiment, wet the inſide of 
the Pipe, the Water aſcends the more. It a- 
ſcends more or leſs in Proportion to the Tex- 
ture of its Parts, their Homogeneity its Ad- 
heſion to the Parts of the Glaſs, and the in- 
ternal Air. Hence Water ſometimes aſcends 
three or four Inches above its Level s, while 
lighter Liquors are elevated much leſs. It a- 
ſcends higher in Tubes of a ſmaller Diameter, 
in which the Columns are more ſupported, 
having a larger Surface in Regard of their 
Maſs. The Water alſo aſcends higher in 
Tubes, which are more plunged into Water; 
becauſe a greater Part of the elevated Column 
is ſuſtained by an heavier Column, compoſed 
of Air and Water; a Caſe which cannot be ex- 
plained by the Inequality of the Preſſure of the 
external Air. | | 

Moreover it is very probable, as M. de Mai- 
ran conjectures b, that the Magnetic Virtue of 
Bodies does not only reſpect the Loadſtone, 
Iron, and ſome other electric Bodies, but the 
moſt Part of Bodies, after a Manner more or 
leſs perceptible. If they have their Atmo- 
ſphere or Vortex of ſubtile Matter, which flows 
from their Pores, _ thoſe which will allow Ac- 
ceſs to the ſame Matter, and whoſe Vortices 


8 Mem. de VAcad. 1105. p. 245. h Hiſt. de Acad. 


1724. P. 13. 
Aa 2 will 
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will unite into one common Vortex, will attract 
one another, or being placed againſt one an- 
other, they will immediately join and ſtick to- 
gether. Other Bodies by a contrary Reaſon 
will repel one another, or not join immediately, 
nor ſtick together. Hence Water wets Glaſs, 
but Mercury does not. Hence two Drops 
of Water are confounded with one another, 
whenever they approach, or in their firſt Con- 
tact; the intermediate Air being expelled by 
the ſubtile Matter which paſſes from the one 
Drop into the other, runs off; and there is no 
more /Equilibrium. 

The expell'd Air flows back, and being join- 
ed with the Air behind it, is ſtronger than the 
intermediate ſubtile Matter, which paſſes free- 
ly through the Drops of Water; it puſhes and 
unites them into one. Hence Water aſcends 
more ſwiftly and higher in the capillary Pipes, 
being wet. Hence, in a Word, Mercury does 
not aſcend above the Level in capillary com- 
municating Tubes, having no Coheſion with 
the Glaſs; and it alſo remains below the Le- 
vel, becauſe in Order to paſs from the larger 
Tube into the ſmaller, and to aſcend in it, it 
is divided with much greater Difficulty than 
Water. Perhaps alſo becauſe an Atmoſphere 
of ſubtile Matter, which comes out of the ſmall 
Tube, finding in the capillary Column of Mer- 
cury a larger Surface in Proportion to its Maſs, 
detaches it more, and gives it more Freedom 
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to deſcend, than the Mercury of the larger 
Tube had. 

Ariſt. I now ſufficiently underſtand the 
playing of the Syphon in a Vacuum. Three 
Principles independent upon the preſent Acti- 


on of the Air's Gravity make it play; the Ad- 


heſion of the Column, which anſwers to the 
Syphon, and renders it lighter than the ſur- 
rounding Columns; the Spring of the Air con- 
tained in this Column, and the Homogeneouſ- 
neſs of its Parts amongſt themſelves, and with 
thoſe of the Glaſs. Theſe Principles cauſe the 
Elevation of the Liquor in the Syphon as far 
as the Curvature in the firſt Branch, as in the 
capillary Tube; and the Weight of the eleva- 
ted Column, ſeconding the internal Air and 
the Preſſure of the neighbouring and victorious 
Columns, makes it fall through the ſecond 
Branch. 

Eud. But why do we ſometimes fee very 
ſmall Syphons ſtop in Facuoi? 

Ariſt. They ſtop, when groſs Bubbles of di- 
lated Air happening entirely to cut the ſmall 
Streams of Liquor, hinder their Parts from 
joining and making a Weight capable of 
dragging the liquid Column out of the Sy- 

on. 

Eud. Theſe ſmall Syphons, which ſtop 
ſometimes in a Vacuum, begin again to run 


i Mem. de Acad. 1722. p. 336. 
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of themſelves whenever they are replaced in the 
free Air k. | 

Ariſt. Whenever they are reſtored to the 
free Air, the internal Air, whoſe exceſſive Di- 
lation hindered the flowing of the Liquor, is 
contracted; the ſeparated Drops are united a- 
gain; being united, they drag one another 
through the ſecond Branch, and make a 
Weight capable of overcoming the Reſiſtance; 
and the Syphon runs again as long as it is 
Wet. 

Eud. Liquors are diffuſed in Stuffs, becauſe 
they are full of capillary Pipes, of ſmall Sy- 
phons. The Knowledge of the Mechaniſm of 
theſe ſmall Syphons leads me to underſtand a 
very curious Experiment. I ſoak ſeparately 
two Slips of whited brown Peper, the one in 
Wine, and the other in Oil. Then I mix to- 
cether the Oil and Wine as well as paſſible.— 
In theſe Liquors being mixed, I dip one of the 
Ends of each Slip of whited brown Paper.-- 
The other, which is the longer, comes out 
paſſing over the Brim of the Veſſel. -— You ſee 
the Wine aſcend and come out of the Veſſel by 
the Filtre imbibed with Wine, and the Oil by 
the Filtre imbibed with Oil; each only attract- 
ing that Species of Liquor, with which it 1s 
impregnated. | | 

Ariſt. Oil and Wine are heterogeneous Bo- 
dies, whoſe different Texture hinders their Par- 


& Hiſt. de PAcad. 17 4. p. 85. 101 
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ticles from uniting together, and from touch- 


ing one another immediately and near enough 
to drive away the Fluid -which may repel 
them. Perhaps alſo they have different At- 
moſpheres which repel them. Hence, when 
the Wine encounters the Slips impregnated 
with Oil, it is repelled inſtead of finding any 
Hold, and freely communicating to the Oil 
that Preſſure which it receives from the late- 
ral Columns, and the Spring of the internal 


Air. The Oil has the ſame Fate, when it 


ſtrikes againſt the Slip impregnated wich Wine. 
But does the Wine encounter the Filtre that 
has imbibed the Wine? The homogeneous 
Parts of the Wine touch one another imme- 
diately, are united, and faſtened together, with- 
out leaving between them any Pluid which 
might oppoſe their Union; the inferior Parts 
being puſhed upward by the neighbouring Co- 
lumns of Wine, and by the Spring of the in- 
ternal Air, as in the —— Syphons freely 
puſh the ſuperior Parts as far as the Curva- 
ture; and at laſt hurrying one another along 
by their Weight, they deſcend through the 
longer End; by the ſame Reaſon Oll runs 
through the Filtre impregnated with Oil. Thus 
the Filtration ſeparates two Species of Liquors. 

Eud. What has been hitherto ſaid, Ariftus, 
in our various Converſations may ſerve to make 
us comprehend what concerns Fire. 
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ConvtrsaTION XXVI. 
Upon Fire *. 


Ariſt. JT is cold, and JI am glad to meet 

with you, Eudoxus, before a good 
Fire. But I think I ſhould find ſtill much 
more Pleaſure in warming my ſelf, as you do, 


like 


* As to the Nature of Fire, there is a great Diverſity of Opi- 
nions among the modern Philoſophers, ſome contending that it is 
formed ſuch originally by the Creator. himſelf, at the Beginning 
of Things; others that it is mechanically producible from other 
Bodies, by inducing ſome Alteration in the Particles thereof, the 
former is maintained by Fhmberg, Boerhave, the younger Lemery, 
and £Grave/ande; the latter is chiefly ſupported by the Exgliſb. 

It would be tao tedious to make Quotations out of each of theſe. 
Authors, therefore we ſhall content our ſelves with but two ar 
three on each Side of the Queſtion. 

1. M. Homberg, in his E ai du foyffre Principe, holds,“ That 
** the chymical Principle or Element Sulphur, which is ſuppoſed 
* one of the ſimple, primary, pre-exiſtent Ingredients of all na- 
** tural Bodies, is real Fire; and conſequently that Fire is coeval 
«© with Body” Mem de V Acad. An. 1705. 

Dr. $'\Grave/ande goes much on the ſame Principle: © Fire, 
, according to him, enters the Compoſition of all Bodies, is 
contained in all Bodies; and may be ſeparated, or procured 
„ from all Bodies, by rubbing them againſt each other, and thus 
„putting their Fire in Motion. But Fire, he adds, is by no 
Means generated by ſuch Motion”. Elem. Phy/. 

Again, © Fire, ſays the ſame Author, naturally unites itſelf 
«with Bodies; And hence it is that a Body brought near to the 
Fire grows ht; in which Caſe it alſo expands or ſwells; which 
« Expanſion 
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like a Philoſopher, and if I knew the Nature 

of Fire, what produces it, what maintains it, 

and how it is extinguiſhed. . 
Eud. 


« Expanſion is not only obſerved in very ſolid Bodies, but in 
* thoſe whoſe Parts do not cohere ; in which Cate they likewiſe 
« acquire a great Degree of Elaſticity, as is obſerved in Air and 
« Vapours”. 1bid. | 
On the other Hand: © In the Production of Heat, ſays Mr. 
« Boyle, there appears nothing on the Part either of the Agent 
« or Patient, but Motion, and its natural Effects. When a 
« Smith briſkly hammers a ſmall Piece of Iron, the Metal there- 
% by becomes exceedingly hot; yet there is nothing to make it 
“ ſo, except the forcible Motion of the Hammer, impreſſing a 
% vehement, and variouſly determined Agitation, on the ſmall 
Parts of the Iron, which being a cold Body before, grows, by 
that ſaper-induced Commotion of its ſmall Parts, bot: Firſt in 
* a more looſe Acceptation of the Word; with Regard to ſome 
* other Bodies, compared with which it was cold before: Then. 
« ſenſibly hot; becauſe this Agitation ſurpaſſes that of the Parts 
* of our Fingers: And in this Inſtance, oftentimes, the Hammer 
« and Anvil continue cold, after the Operation; which ſhews, 
« that the Heat acquired by the Iron, was not communicated by 
either of thoſe Implements, as heat; but produced in it by a 
« Motion, great enough ſtrongly to agitate the Parts of fo ſmall a 
Body as the Piece of Iron, without being able to have the like 
« Effect upon ſo much greater Maſſes of Metal, as the Hammer 
« and the Anvil. Tho' if the Percuſſions were often, and briſk- 
* ly renewed, and the Hammer were ſmall, this alſo might be 
heated. Whence it is not neceſſary, that a Body itſelf ſhoul 
% be hot to give Heat. | 
« If a large Nail be driven by a Hammer into a Plank of 
* Wood, it will receive ſeveral Strokes on its Head, e'er it grow 
* hot; but when it is once driven to the Head, a few Strokes 
'* ſuffice to give it a conſiderable Heat: For while at eve- 
« ry Blow of. the Hammer, the Nail enters farther into the 
Wood, the Motion produced is chiefly progreſſive, and is of 
„ the whole Nail, tending one Way; but when the Motion 
t* ceaſes, the Impulſe given by the Stroke, being unable to drive 
*« the Nail farther on, or break it, muſt be ſpent in making a va- 
% rious, vehement, and inteſtine Commotion of the Parts among 
themſelves 


— 
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Eud. Here is my Sentiment upon that Head. 
1. What is Fire? It is a Body compoſed of ſub- 


tile Matter and groſſer Particles, agitated by 


the ſubtile Matter with a rapid and univerſal 
Motion, 


* themſelves; wherein the Nature of Heat conſiſts. Mech. Pro. 
duc. of Heat and Cold. 

Agrezable to this is the Opinion of Sir I/ Neroton, who con- 
ceives that ! groſs Bodies may be converted into Light by the 
Agitation of their Particles; and Light again, into groſs Bo- 
* dies, by being fixed therein. 

Again, © Fire, according to him, is only a Body much igni- 
* ted, 1. e. heated hot, as to emit Light copiouſly : What elſe, 
* ſays he, is a red-hot Iron than Fire? And what elſe is a burn- 
* ing Coal than red-hot Wood? Or Flame itſelf than red-hot 
* Smoak? "Ti; certain that Flame is only the volatile Part of the 
Fuel heated red-hot, i. e. ſo hot as to ſhine: And hence only 
* ſuch Bodies as are volatile, i. e. ſuch as emit a copious Fume, 
vill flame; nor will they flame longer than they have Fume to 
burn. In dillilling hot Spirits, if the Head of the Still be ta. 
&* ken off, the aſcending Vapors will catch Fire from a Candle, 
and turn into Flame. So ſeveral Bodies much heated by Moti- 
on, Attrition, Fermentation, or the like, will emit lucid 
« Fumes, which, if they be copious enough, and the Heat ſuf- 
* ficiently great, will be Flame; and the Reaſon why fuſed Me- 
& tals do not flame, is the Smallneſs of their Fume; for that 
«« Speltre, which fumes more copiouſly, does likewiſe flame. Add 
% that all flaming Bodies, as Oil, Tallow, Wax, Wood, Pitch, 
„ Sulphur, c. by flaming, waſte and vaniſh into burning 
#* Smoak. 

And do not all fixed Bodies, when heated beyond a certain 
„Degree, emit Light and ſhine; and is not this Emiſſion per- 
** formed by the vibrating Motion of their Parts? And do not all 
„ Bodies, which abound with terreſtrial and ſulphureous Parts, 


* emit Light as often as thoſe Parts are ſufficiently agitated, whe- 


ther that Agitation be made by external Fire, or by Friction 
or Percuſſion, or Putrefaction, or by any vital Motion, or 
any other Cauſe? As for Inſtance, Sea-Water in a raging 
Storm, Quickfilver agitated in Vacuo, the Back of a Cat, or 
Neck of a Horſe obliquely ſtruck or rubbed in a dark Place, 


* Wood, Fleſh, and Fiſh while they putrify, Vapors from pu- 
| « trifying 
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Motion, with a Motion upon their Center, and 
with Vibration. 1. Fire is a Body; one ſees 
and touches it. 2. This Body is compounded 
of ſubtile Matter; for in a Word, it penetrates 
the hardeſt and moſt ſolid Bodies. 3. It con- 
tains more groſs Parts, ſince it diſſolves and re- 
duces the moſt maſly Bodies to Powder. Could 
the ſubtile Matter alone produce ſo ſenſible 
Effects, finding free Paſſages through the ſtrait- 
eſt Pores? 4. Thoſe groſs Parts are agitated; 
they do not move without being moved. ;. 
Their Motion is a rapid Motion; the imper- 
ceptible Parts of themſelves, each one in Par- 
ticular, would not make ſo great Havock if 


« trifying Waters, uſually called [gnes futui, Stacks of moiſt Hay 
«* or Corn, Glow-worms, Amber and Diamonds by rubbing, 
« Scrapings of Steel, ſtruck off with a Flint. Iron hammercd 
« yery nimbly, till it become ſo hot as to kindle Sulphur thrown 
« upon it; the Axle Trees of Chariots taking Fire by the rapid 
« Rotations of the Wheels; and ſome Liquors mixed with one 
« another, whoſe Particles come together with an Impetus, as 
« Oil of Vitriol diſtilled from its Weight of Nitre, and then 
« mixed with twice its Weight of Oil of Aniſeeds, &c. 

Are not groſs Bodies and light convertible into one another, 


- & and may not Bodies receive much of their Activity from the 
& Particles of Light, which enter their Compoſition? For all 
* fixed Bodies being heated, emit Light ſo long as they conti- 


© nue ſufficiently hot, and Light mutually ſtops in Bodies, as of- 
«© ten as its Rays ſtrike upon their Parts. I know no Body lefs 
apt to ſhine than Water, and yet Water by frequent Diſtillati- 
* ons changes into fixed Earth, as Mr. Boy/e has tried; and then 
* this Earth being enabled to endure a ſufficient Heat, ſhines by 
1 Heat like other Bodies“. Opticks. 

As to Boerhave's Experiments for the Proof of elementary Fire, 


we mult wait till he ſhall oblige the World with his Chymiſtry: 


In the mean Time whoever has a Mind to ſee more upon this 
Head, may conſul; Dr. Shaw's new Method of Chymiſtry. 
| the 
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the Rapidity of their Motion did not yield any 
Aſſiſtance to their Smallneſs. 6. It is an uni- 
verſal Motion. Draw near the Fire on which 
Side you pleaſe, you will ſtill feel its Action. 
7. A Motion of Particles upon their Center; 
for thoſe Parts, at leaſt moſt of them, having 
their Extremities unequal and differently mo- 
ved, muſt neceſſarily turn about, at leaſt moſt 
of them, upon their Center. 8. Finally, this 
Motion is a vibratory Motion, by which the 
Parts go and return. When turning about 
upon their Center they preſent the Point to the 
Matter which ſurrounds them, they puſh it; 
when they preſent the Sides, they ſuffer it to 
return upon them with Impetuoſity. Hence 
thoſe Parts come and return, ſometimes victo- 
rious, and ſometimes vanquiſhed. Here is the 
Idea of terreſtrial Fire; an Idea which agrees 
to the Sun itſelf, ſince it enlightens, warms, 
ſparkles and ſhines like terreſtrial Fire. 

There is a ſort of Fire more compact; ſuch 
is a burning Coal; and a Fire more ſubtile and 
light; that is Flame. The firſt is a Fire, whoſe 
Parts are not entirely ſeparated. The ſecond 
is a Fire, whoſe Parts being wholly ſeparated, 
are darted out freely on all Sides. The burn- 
ing Coal is a more violent Fire than Flame, 
becauſe it contains a greater Quantity of groſs 
Parts, which conſpire to the fame Effect. The 
Force of Motion proceeds from the Maſs as 
well as from the Velocity; and if there is ſome 


Exceſs of Velocity in the Parts of the 8 
he 
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the Exceſs of Maſs ſurmounts it in the Parts of 
the Coal. | | 

By the fame Reaſon, Flame is ſometimes 
ſtronger, and ſometimes weaker. It is ſtrong- 
er, when it contains 4 greater Number of 

Parts, as the Flame of green Wood; and weak- 
er, when the Parts, which compoſe it, are 
more minute and fine, as the Flame of Spirit 
of Wine. Why does the Flame of Spirit of 
Wine flow upon Paper, without burning it? I 
drench my Fingers in this Liquor: I bring 
them near a Wax-Candle. You ſee them on 
Fire. This Fire is ſcarcely perceived, becauſe 
the Particles of the inflamed Liquor are ſo fine, 


and their Forces ſo little united, by Reaſon of 


their Separation and univerſal Efforts, that, 
notwithſtanding their Velocity; they have not 
Force enough to divide the groſs Parts of the 
Paper and Hand. 

2. What produces Fire? All Bodies whoſe 
Motion ſhakes, ſeparates, and diſengages the 
imperceptible but ramous Parts of a combuſti- 
ble Body; ſo that thoſe Parts being diſengaged 
and ſeparated may follow the rapid Morion of 
the ſubtile Matter, which ſlides betwixt them, 
and ſurrounds them. By the Definition of 
Fire, it conſiſts in the Action of theſe two Spe- 
cies of Matter, one of which obeys the impe- 
tuous Motion of the other. Hence, Fire, the 
Friction of certain hard Bodies; Moiſture, and 
Water itſelf produces Fire. 


Fire 


3 
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Fire produces Fire in three Sorts of Bodies; 
in ſoft Bodies, as Wax; in liquid Bodies, as Oil 
and Spirit of Wine; and in hard Bodies, as 
Wood. Fire, I ſay, produces Fire in theſe 
different Species of Bodies, by ſeparating their 
Parts by its Irruption into their Interſtices, and 
joining its Action to the Efficacy of the Spring 
of the internal Air, and to the Motion of the 
ſubtile Matter, which encompaſſes the imper- 
ceptible Parts of thoſe Bodies Do the Parti- 
cles of an igneous Body, for Example, happen 
to ſtrike againſt Wood? They ſhake the Parts 
of the Wood by their Agitation, diſengage, de- 
tach, and put them into a Condition of com- 
plying with the Motion of the ſubtile Matter, 
give Entrance to ſome new Matter of this Spe- 
cies, and ſecond the Spring of the internal Air 
which plays, and by ſetting itſelf at Liberty 
breaks Thouſands of ſmall Cellules, which re- 
tained it as impriſoned; thus the Parts of the 
Wood are in a rapid and confuſed Motion, and 
the Wood is ſuddenly changed into Fire, 

Dry Wood catches Fire ſooner than green; 


becauſe the Fire, which eaſily infinuates itſelf 


into the Pores of the dry Wood, in which it 
finds nothing but Air, can ſcarcely get into the 
Interſtices of the green Wood, where the Wa- 
ter does not afford it ſo free an Acceſs. But 


why does Wood that has floated kindle more 


eaſily than new Wood? Becauſe in Float- 
wood the Action of the Sulphurs, whoſe 
imperceptible Parts are ſurrounded with 

7 much 
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much ſubtile Matter, and which at firſt rake 
Fire, is no longer moderated nor bridled, if I 
may ſo ſay, by rhe Salts, whoſe Solidity rerards 
the Mechaniſm of the Sulphurs in the new 
Wood. In ſhort, Float-wood loſes its Salts by 
the Lye which is made of them in the Wa- 
ter; whence it comes to pals that the Aſhes of 
Float-wood are not proper for whitening 
Linnen. | 5 

If che igneous Parts are wholly ſeparated, 
and have Force enough to repel the ſurround- 
ing Fluid to a certain Diſtance, it is a Flame 
which iſſues out of the Boſom of the Wood. 
Are they not entirely ſeparated, or have they 
not Force enough to diſſipate themſelves by 
removing the Fluid which encompaſſes them? 
It is a burning Coal. Strike the Steel: Some 
ſmall Particles of Steel or Flint, which were 
ſurrounded with ſubtile Matter, and contracted 
Air, are ſuddenly diſengaged and detached by 
the united Forces of the Hand, the Spring of 
the Air, and the ſubtile Matter; and turning 
round with Rapidity upon their Center in the 
Middle of this — they fly out and make 
Sparkles ſhine to the Eye, like choſe which are 
darted out from a Flame, in which you let fall 
Filings of Iron. Do you doubt whether the 
Sparkles, which ſeem to leap out from the Bo- 
ſom of the Flint, can be any Thing elſe but 
ſmall melted Particles of Steel, or of Flint it- 
ſelf, violently agitated? Receive them upon 
ſome white Paper; and with a Microſcope you 
| will 
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will ſee the Truth. By the ſame P rinciple 


Wood of Bambou (that is an Indian Wood) 
— Fire, like flint Stones, when they rub two 
ieces of this Wood againſt one another “. 

If one ſhut up Hay while moiſt, the terre- 
ſtrial Spirits, with which it is ſtill impregna- 
ted, diſengaging themſelves more and more b 
the Favour of the Spring of the internal Air, 
and the Stroke of the ſubtile Matter, come at 
laſt ro ſwim freely in this Matter; and being 
hurried along by their rapid Motion they break, 
thruſt, and diſſipate all the ſmall Parts of the 
Hay; thus Hay is ſet on Fire. | | 

Pour Water upon Lime: The Lime heats 
and inflames. Why? When the Lime is made; 
the Heat breaks the Fibres of the Stones in 
Calcination, works out new Pores, and enlar- 
ges the former. Theſe Pores, theſe Interſti- 
ces are filled with ſubtile Matter and igneous 
Bodies. When the Lime begins to cool again, 
the external Air penetrates into very many of 
the Pores, and condenſes in them by the fink- 
ing down of the Parts upon one another, The 
Air, the ſubtile Matter, and the Particles of 
Fire, ſtrive to diſſolve thoſe Parts: Had they 
ſome more Degrees of Force, the Solution 
would happen. Pour on Water: The Matter 
of the Lime being extremely dried up, receives 
the Water, which is poured on it, with a Sort 
of Greedineſs. The Agitation of the Water, 


* Journ des Sgav. p. 268. 1686. 2. Sept. 
| which 
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which | etrates it impetuouſly, diſengages the 
Parts of the Fire, renders them victorious, and 


furniſhes neceſſary s of Force. The 
Parts of the Lime being forced to yield, are 
wholly ſeparated: Being ſeparated, they are 
darted out on all Sides without being entirely 
diſſipated, becauſe the external Air, which ſur: 
rounds them, does likewiſe retain them; and 
this is an Ebullition, a ſenſible Heat, a Flame, 
which ſhines to the Ey. 

In vain would you attempt to kindle a com- 
buſtible Body in a Place void of Air. The 
burning Glais does not kindle Sulphur itſelf in 
an Fi 8 out of which one has pumped 
the Air; becauſe the Parts of the Sulphur be- 
ing violencly agitated; as they are not. retained 
by the external Air, are too much diſſipated to 
make a ſenſible Flame.  Neverthele if you 
add Salt- petre to the Sulphur, the Sulphur in- 
flames, 3 the Salt- petre hinders the ex- 
ceſſiye Diſſipation of the Sulphur, 

Ariſt. Thus the Fire is kindled; the Buſi- 
neſs now is how to maintain it; its Parts being 
agitated endeavour to diſſipate, and they pals 
away in Smoak, when they have loſt a great 
deal of their Agitation. What is it chat ſup- 
ports the Fire! ita do eas echlaÞs 

Eud. All Bodies which furniſh it wich Fuel; 
in Order to repair the Loſs which, it has made, 
as Wood, or which hinders the Diſſipation. of 
its Parts, as Aſhes and the external Air. Fire 
is principally nouriſhed with. groſs Bodies, 

r 
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which contain Plenty of Salts, Salt-petre, and 
Sulphur. Has Wood loſt its Salts by floating up- 
on the Waters? The Fire of itis the leſs ardent, 
although the Wood burns with great Velocity 
on that Account; and fince Fire, when it is 
ardent, - penetrates the hardeſt Bodies, it muſt 


have round or pointed Particles, as thoſe of 


Salr-petre. The more Sulphur combuſtible 
Bodies have, the more eaſily they kindle. Are 
they without ſulphureous Particles, as Water 
and Aſhes, they ſcarcely burn. A kindled 
Coal does not fail to be preſerved under Aſhes 
without new Fuel; becauſe the Aſhes hinder 
its Parts from being wholly detached and diſſi- 
ated. | 
g By the ſame Reaſon, the Air contributes to 
the Preſer vation of the Fire, which it ſurrounds. 
Why is Fire hotter in Winter? Becauſe being 
ſurrounded with a thicker Air, it is leſs diſſi- 
pated. A Wax-Candle is quickly extinguiſh- 
ed in an Air-pump, in which the Air no long- 
er oppoſes the Diſſipation of the Flame. 

The Flame of the Wax-Candle owes its Pre- 
ſervation to the Preſſure of the free Air. The 
free Air by its Weight and Spring preſſes the 
fmall Parts of Wax divided by the Heat of the 
Flame; theſe Parts being compreſſed aſcend by 
the Wick, as through an Infinity of capillary 
Pipes, into the Focus, where the Reſiſtance is 
leaſt, by Reaſon of the ſucceſſive and continu- 
al Departure of a Quantity of Particles, which 
paſs into Flame: Thus Wax feeds the 2 

* The 
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The Flame being violently agitated ſtrives to 
diſſipate itſelf; but the lateral Air ſtays its Ef- 
forts. The Weight of this Air prevails againſt 
that of the Flame; and the Flame being light- 
er, aſcends. In its Elevation, its Particles, in 
Proportion as they are farther diſtant from the 
Fecus, and lets perpendicular to it, give more 
of their Force to the Air, and their Po Forces 
are leſs repaired. Hence the lateral Parts of 
the Flame are diflipared, paſs into Smoak, diſ- 
appear, and the Flame terminates in a Pyra- 
mid; a Figure which the Flame takes ſo much 
the more eaſily, becauſe this Figure is fitter to 
divide the Air, fince it communicates leſs Mo- 
tion to the ſuperior Air. The Flame of a 
Wax-Candle ſeems ſometimes to bound, aug- 
ment and diminiſh in an Inftant ; becauſe of 
the Tremulation of the Air, or becauſe ir does 

not always equally receive Nouriſhment. 
What I have faid of the Wax-Candle, one 
may ſay of the Lamp. Is the Lamp upon the 
Point of being extinguiſhed for Want of Oil? 
The Flame is elevated, and its Light is there- 
by the more bright. That is becauſe the Air, 
which detaches this weak Flame, bears it up 
by taking its Place. The Effort which bears 
up the Flame, communicates an Agitation to 
its languiſhing Particles, which animates them, 
and gives them that momentary Vivacity, to 
which they compare thoſe unexpected Mo- 
ments of Vigour, which makes us hope for 
Bb 2 the 
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the Cure of a ſick Perſon, when he is juſt bor- 
dering upon the Point of Death. - 

Ariſt. But finally, how is the Fire extin- 
guiſhed ? The Queſtion 1s to extinguiſh it like 
a Philoſopher. 

Eud. The Fire is extinguiſhed through want 
of Nouriſhment, or by the Exceſs of a too vi- 
olent blowing, or by the Action of Liquors 
which are not ſulphureous; ſometimes by be- 
ing too compact, and ſometimes by not being 
ſufficiently compacted ; and at other Times 
becauſe moſt of theſe Reaſons happen to be 
united. 1, Fire is extinguiſhed for want of 
Fuel, becauſe the agitated Parts loſe their Mo- 
tion, and go off in Smoak, without others co» 
ming to ſupply their Place with this rapid A- 
gitation, in which Fire conſiſts. 2. Fire is 
extinguiſhed by the Exceſs of too violent blow- 
ing; becauſe exceſſive Blowing detaches the 
Flame from the combuſtible Body, which fur- 
niſhed it with Fuel. 3. Fire is extinguiſhed 
by the Action of Liquors, of Water for Exam- 
ple; becauſe this fort of Liquor, by running 
into the Interſtices of lighted Bodies, ſtay their 
Particles, whoſe Motion they aſſume, which 
diſſipates them into Smoak. Nevertheleſs when 
the Fire is violent, Water only ſerves ſome- 
times to render it more ardent, becauſe it on- 
ly hinders the Diffipation of the igneous Cor- 
puſcles, and furniſhes Matter to a rapid Fire. 

Hence, the Water wherewith Smiths beſprin- 


kle their burning Coal, only ſerves to inflame 
it 
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it ſtill more. 4. Fire is extinguiſhed in a 
Place too much confined; becauſe the Cor- 

uſcles of Fire loſe their Agitation in it, with- 
out being able to ſeparate themſelves. Thus, 
when one can get all the Vents of Caverns 
ſtopped, one effectually ſmothers Fire in them. 
If Fire lays hold on the Chimney, a wet Cloth, 
which you extend before it, is capable of pre- 
venting Combuſtion; Why? The external Air, 
which correſponds to the Vent of the Chim- 
ney, not being able to circulate, becauſe the 
wet Cloth leaves no Acceſs into the Chimney, 
hinders the kindled Soot from extending itſelf, 
from communicating its Motion, and from iſ- 
ſuing out; it ſmothers it; or elſe the kindled 
Matter is detached, but being too weighty to 
ſupport itſelf in the Air, becauſe it is too much 
contracted to dilate itſelf, and being only ſu- 
ſtained by an Air ſtrongly rarified, it falls, and 
is extinguiſhed after having cauſed ſome vain 
Alarms. 5. Pump out the Air from the Air- 
pump, whenever the Flame in it is no longer 
compreſſed by the Air to a certain Degree, it 
is diſſipated and diſappears. | 

If what is ſaid of the Salamanders is as true, 
as it is probable, they extinguiſh Fire after a 
ſingular Manner l. Steno, a famous Anato- 
miſt, affirms in a Letter written by him, that 
the Chevalier Corvini told him, that having 
thrown into the Fire a Salamander brought 


Journ. des Sgav. 1657. 25. Avr. p. 94. 
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from the Indies, it ſwelled at firſt, and vomi- 
ted ſome liquid Matter with which it extin- 
guiſhed the Coals next to it, that it guarded it- 
ſelf from the Violence of the Fire during the 
Space of two Hours, extinguiſhing the Coals 
continually after the ſame Manner, when they 
were kindled again, and that it was ſtill alive 
nine Months after. 

Whatever be in that, the Secret which the 
Germans have invented for extinguiſhing of 
Fire, unites together, and ſets a working at 
the ſame Time almoſt all the Methods of ex- 
tinguiſhing it m. The Experiment of it has 
been ſeen in a Cave, and in a Sort of Barrack 
of Plank, built in the Fore-Court of the Inva- 
lids. The Barrack was built after the Faſhi- 
on of Foires St. Germain, upon a ſquare Plain, 
each Side whereof was about 18 Foot. Its 
Height was about 10 Foot, taking it from the 
Level of the Ground, to the Beginning of the 
Roof; which was elevated five Foot. The 
Flame ſpread abroad on all Sides in the Cave, 
and in this Sort of Houſe, was ſmothered all at 
once. Here is the Secret equally ſimple and 
ingenious. 

In the Middle of a Barrel full of Water, a- 
bout 22 Inches in Height, and 13 Inches in 
Diameter, there is a cylindrical Box of Tin, 
almoſt four Inches in Diameter, and which 
can contain about two Pound of Gunpowder. 


m Mem. de I Acad. 1722. p. 143. 
The 


The Box is terminated by a long Neck, 
which paſſes through one of the Bottoms of 
the Barrel. A Fuſee contained in this long 
Neck can convey the Fire from without in- 
wardly. Should one have a Mind to make 
Uſe of this Barrel thus prepared, you ſet Fire 
to the Fuſee, and thruſt forward the Barrel in- 
to the Fire as much as poſſible. In a ſhort 
Time the Box and Barrel burſt ; the Combu- 
ſtion ceaſes, if the Fire be not very vehement; 
at leaſt the Flame is extinguiſhed ſuddenly, and 
the Combuſtion becomes acceſſible. Whence 
proceeds this ſudden Extinction? 
Ariſt. The Powder being kindled, and find- 
ing Reſiſtance in the Box, Water, and Barrel, 
has Leiſure to be inflamed and a& almoſt at 
the ſame Time. Being inflamed, it is dilated 
prodigiouſly, acts univerſally, breaks the Box, 
ſtaves the Barrel, makes the Hoops fly off, and 
ſhoots out oa all Sides an Infinity of ſmall Wa- 
ter Spouts. The neighbouring Air, being e- 
qually compreſſed on all Sides at firſt by the 
Rarefaction of the Powder, ſtops the Circula- 
tion of the external Air from without inward- 
ly, contracts the Flame of the Combuſtion by 
its Preſſure, detaches it, and makes it quit its 
Hold, by the Quickneſs and Livelineſs of its 
Action. The Air iſſues out; what remains, 
being extremely rarefied, no longer hinders the 
Flame from diſſipating. The Water ſhot out 
on all Sides accompliſhes the ſmothering of it; 
and wetting the whole Surface of the combu- 
B b 4 ſtible 
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ſtible Bodies, it renders them inacceſſible to 
the Flame of the Powder, being weakened by 
the Exceſs of its Rarefaction. Thus the Fire 
is extinguiſhed, according to the Rules of Phy- 
ſics, by a Secret which unites together, and ſets 
a working at the ſame Time almoſt all the or- 
dinary Methods of extinguiſhing i it. Bur why 
does a Firebrand, when 1 throw 
out more Smoak than formerly 

Eud. The Smoak, 2 proceeds from 
kindled Bodies, or from ſuch as are extinguiſh- 
ed, is a Collection of groſs and ſeparated Parts, 
but which have not that Rapidity of Motion, 
which Fire requires; whether it be chat they 


have never acquired it, or that they have loſt 


it. The extinguiſhed Firebrand throws out 


more Smoak, becauſe the Particles, which a 


rapid Motion before diſſipated, are united, ha- 
ving loſt a great deal of their Force, and com- 
poſe all together a Maſs of grots Parts, which 
pals off in Smoak. 

Let us now kindle again the extinguiſhed 
Fire. I bring a lighted Candle near a Candle 
which one has extinguiſhed, and which ſtill 
ſmoaks; the Flame goes in Search of it. 

Ariſt. The Reaſon is, becauſe the Flame is 
puſhed with more Force toward the Candle by 
the external Air, than it is puſhed back by the. 
rarefied Air, which is between it and the 
Candle. 


Eud. This Flame quickly Lights the Candle 
5ga1n, 
Al. 
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Ariſt. Becauſe the Flame finds till in the 
Candle Particles ſtrongly agitated, and which 
require no more, in Order to be inflamed a- 
gain, than a light Increaſe of Agitation. 

Eud. I think, Ariſtus, we know ſufficiently 
the Nature of Fire, and what produces, main- 
tains, or extinguiſhes it. Would you have us 
henceforth to — of differem Fires, the Fires 
which we ſee upon the Surface of the Earth? 
As for the Fires which one ſometimes ſees ſhi- 
ning in the Air, we ſhall ſpeak of them among 
the Meteors. 

Ariſt. The Fire, which ſurprizes me moſt, 
1s that of Gunpowder. 

Eud. Well, at the firſt Opportunity we ſhall 
entertain one another with this Powder ; I ſhall 
tell you its Origin. 

Ariſt. J ſhall ſpeak of its Compoſition; I 
have ſeen it made. 

Eud. We ſhall next attempt to diſcover 
whence its Force proceeds, and how the di- 
vers Effects of this inflamed Powder are pro- 
duced. 

The Original of Gunpowder, its Compoſiti- 
on, and its Effects Py explained, will 
make up the Subject of our next Converſation. 
To Morrow at two of the Clock in the After- 
noon I ſhall wait for you in the Garden of the 
Arſenal. | 


CONVER- 
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ConveRsSATION XXVII. 
Upgn Gunpowder. 


Arift, HE Subject which brings us to- 
gether, Eudoxus, has ſomething 
frightful in it; and all its Uſefulneſs conſiſts in 


overturning and deſtroying. Nevertheleſs it does 


not want its own Agreeableneſs. Begin, I pray 
inal of Gun- 


you, with teaching me the Origi 
powder 4, as you promiſed, , 
Eud. 


+ The ordinary Account of the Invention of Gunpowder is 
falſe, it being evident from the Writings of Roger Bacon, com- 
monly called Fryar Bacon, who flouriſhed about the Year 1226, 
that Gunpowder was well known to him: © Thunder and Light- 
* ning, he tells us, may be produced by Art, for that Sulphur, 
« Nitre, and Charcoal, which when ſeparate have no ſenſible 
Effect, when mingled together in a due Proportion, and cloſe- 
hy confined, yield a horrible Crack. A more preciſe Deſcripti- 

* on of Gunpowder cannot be given in Words; and yet a Jeſuit 
* Barthol. Schwartz, ſome Ages after, has had the Glory of the 
* Diſcovery”. ' V. Shaw's Chemiſtry. p. 17. 

The Exploſion of Gunpowder is thus explained by Sir 1/aac 
Newton. © When Gunpowder takes Fire, it goes away into 
** flaming Smoak. For the Charcoal and Sulphur eaſily take Fire, 
« and ſet Fire to the Nitre; and the Spirit of the Nitre — 
thereby rarified into Vapor, ruſhes out with Exploſion muct 
0 after the Manner that the Vapor of Water ruſhes out of an 
* Zolipile ; the Sulphur alſo being volatile is converted into Va- 
. E. and augments the Exploſion. And the acid Vapor of the 
„ Sulphur (namely that which diſtils under a Bell into Oil of 

« Sulphur 
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Eud. To give that for certain which one e- 
ſteems only probable, is impoſing on the Cre- 
dulity of thoſe to whom one ſpeaks. Accord- 
ingly, I only offer to you as probable, but as 
very probable, what I am going to ſay of the 
Original of Gunpowder. Who firit found out 
the Secret of Powder in Europe? How did they 
diſcover it, and in what Time? Who firſt 
found it, I ſay? It was not a Man, it we be- 
lieve an Author who wrote an Hundred Years 
ago, and more. Polydore Vergil being aſto- 
niſhed at the Fire, Noiſe, and fearful Crack 
cauſed by the Inflammation of Gunpowder, ap- 
pears at firſt convinced, that Salmoneus himſelf 
could not find out the Art of imitating the 
Thunderbolt ſo well. In his Aſtoniſhment, he 
affirms *, that the Devil, that Hell alone could 
invent a Secret ſo proper for giving the World 


„ Sulphur) entring violently into the fixed Bady of the Nitre, 
« ſets looſe the Spirit of the Nitre, and excites a greater Fermen- 
« tation, whereby the Heat is farther augmented, and the fixed 
Body of the Nitre is alſo rarified into Fume, and the Explofi- 
* on is thereby made more vehement and quick.” For if Salt of 
© Tartar be mixed with Gunpowder, and that Mixture be 
« warmed till it takes Fire, the Exploſion will be more violent 
* and quick than that of Gunpowder alone, which cannot pro- 
e ceed from any other Cauſe than the Action of the Vapor of 
* the Gunpowder upon the Salt of Tartar, whereby that Salt is 
* rarified. The Exploſion of Gunpowder ariſes therefore from 
the violent Action whereby all the Mixture being quickly and 
« vehemently heated, is rarified and converted into Fume and 
Vapor: Which Vapor, by the Violence of that Action, be- 
* coming ſo hot as to ſhine, appears in the Form of a Flame”. 
Opticks, p. 317. 


Lib. 3. de inv. rerum, Cap. 13. 
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ſuch ſtrange Phænomena, and for deſtroying 
Mankind. Notwithſtanding having recovered 
from his extream Aſtoniſhment, probably after 
having obſerved that, ſince the Invention of 
Powder, War ſeems not to be more murder- 
ing than it was in the Time of Charles Martel, 
who without either Powder or Gun covered 
the Fields with Dead; he was very willing to 
agree to it, that a Man in his Fury might in- 
vent both Gunpowder and the Gun itſelf. But 
at the ſame Time he condemns, plainly and 
without Ceremony, the Inventor to preſent 
his Head before the Mouth of the Cannon, 
waiting, without moving his Foot, for the Ef- 
fet and Reward of his own Invention. He 
ordains him, without Mercy, to the Reward 
of that unhappy Perillus, who by the Appoint- 
ment of Phalaris, was firſt burnt in the braſs 
Bull which he had invented for the Puniſh- 
ment of Malefactors; and the Reaſon of fo ſe- 
vere a Sentence, is a Sentence taken out of 


Ovid. * 


Neque enim lex æquior ulla eſt, 
Qudm nects artifices arte. perire ſud, 


Far my Part, I cannot believe that the In- 
ventor of Gun-Powder was ſo culpable. For 
in a Word, he was a Religious, a Monk, a Fa- 
ther of the Order of St. Francis f, and a ſkil- 
ful Chymiſt. At leaſt a very conſtant Tradi- 


F Obſerv. choiſie:, Sc. T. X. a Hall. - 
ö tion 
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tion affirmed it, more than a hundred Years 
ago; it was faid in Verſe and in Proſe, and 
Pancirollus* and du Cange affirm in their Wri- 
tings, that they were ſo perſuaded. Now, it 
is probable that this religious ſolitary Chymiſt 
hardly meditated in his Retirement the De- 
ſtruction of Mankind. | $3 

In ſhort, how did he diſcover the Secret of 
Powder? Without ſearching for it. It was 
neither Penetration of Judgment, nor Malice 
of Heart, nor Defire of deſtroying Men, nor 
the Rage of overturning Walls, or ranſackin 
Towns, that taught him the Compoſition . 
Force of Powder. Chance, the Author of 
moſt Diſcoveries, made this to him. The re- 
ligious Chymiſt was a Phyſician; and far from 
deſigning to kill any Body, he was making up 
ſome Remedies. If by that Means he labour- 
ed to make Men periſh, it was unknown to 
him. In ſurveying his Remedies he had made 
a Mixture of Sulphur, Salt-petre, and Coal, in 
a Veſſel, Upon this Mixture he placed a 
Stone n. Then having Occaſion for Light, he 
ſtruck the Steel. A Sparkle fell upon the 
Mixture, and the ſolitary Phyſician was much 
aſtoniſhed to ſee at once his Mixture and Re- 
medies on Fire, the Stone in the Air, and 
ſhot out with a Crack toward the Cieling. He 
eaſily underſtood what might be the Force of 


* De Tormentis mural. n Du Cange, T. I. 579. Pan- 
cirole, de Torm. mur. p. 284. 
a P OW- 
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a Powder compoſed of Grains, wherein Sul- 
phur, Salt-petre, and Coal ſhould be predo- 


minant; and this is what they call Gunpowder, 


becauſe when they knew its Force and Pro- 
perties, they quickly charged Guns with it, 
which made Streams of Blood to flow contra- 
ry to the Intention of the religious and inno- 


cent Inventor. 


Nevertheleſs he who invented it was not the 
firſt that knew how to make Uſe of it. Bur 
one of his Brethren, a Chymiſt like himſelf, 
found out this Uſe equally profitable and fatal. 
The Invention of Gunpowder 1s aſcribed to 
Roger Bacon an Engliſhman, and the Art of 
uſing it to Bartold the Black, a German o, both 
the one and the other probably little converſant 
in the Bufineſs of War; but learned Chymiſts, 
who both equally concurred in the Receſſes of 
their Solitude, to pour out and to fave hu- 
mane Blood, perhaps without thinking on it; 
for ſince the Invention and Uſe of Gunpowder, 
ſo much the fewer Perſons have periſhed per- 
haps in Battles, as there is more Noiſe made 


in them than was made before the Uſe of Fire- 


Arms. 

But in what Time did they find out this 
Powder and its Uſe, at preſent ſo famous 
throughout the whole Univerſe? Ir is difficult 
preciſely to fix the Epocha of it. But it is 
probable that it was in the Beginning of the 


o Obſerv. choiſ. & Sgav. T. 10. 3 Hall. Obſerv. 12. 
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145 Century, and much ſooner than many Au- 
thors have believed it. If we have no Monu- 
ments before this Time, which make Mention 
of Gunpowder, and if we have one of the Year 
1338, which evidently ſhews that they made 
Uſe of it in 1338, in the Sieges of Towns, one 
ought, I think, to refer to the Beginning of the 
14 Century both the Invention and Uſe of 
Powder. This Invention and Uſe well de- 
ſerved to find a Place in Hiſtory; and proba- 
bly ſome Time before they uſed it in attacking 
Places, they had found out both Powder and 
the Art of uſing it. 

Now, 1. There is no Mention made of 
Gunpowder in the Monuments previous to the 
14*h Century; I fay it at leaſt upon the Teſti- 
mony of Miree, Polydore Vergil, and Maria- 
na, who aſſures us that before 1343, he had 
ſeen no Trace of Gunpowder in Hiſtory. 

2. We have a Record which proves evident= 
ly, that in 1338, they made Uſe of it in Sieges: 
For in the Chamber of Accompts of Paris, in 
an Accompt of 1338, they ſpeak of Expences 
made for Powder neceſſary to the Guns, which 
were before Puy Guillaume, a Caftle in Au- 
vergne, Therefore it is probable that the Be- 
ginning of the 14 Age ought to be the Epo- 
cha of the Invention and Uſe of Gunpowder. 

In one Word, a religious Chymiſt having ca- 
ſually made a Spark of Fire to fall upon a Mix- 
ture of Sulphur and Salt-petre, which took 
Fire, and ſhot up the Stone with which it was 
covered, 
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covered, found out the Secret of Powder; an- 
other religious Chymiſt found out the Uſe of 
it; both the one and the other are found to 
have been in the Beginning of the 14h Centu- 
ry. Such is probably the Original of Gun- 
powder. What is the Compoſition of it? 
Ariſt. We ſee every where, Eudoxus, what 
forms the moſt marvellous Mixtures; the Que- 
ſtion is only to know how to match them to- 
gether. But this is exactly the Point of Diffi- 
culty, which Chance ſooner ſurmounts than 
the Efforts of a profound Meditation. They 
had ſeen in all Ages Salt-petre, Sulphur, and 
Coal; and yet always before the 14h Century 
they had probably been ignorant, at leaſt in 
Europe, that Coal, Sulphur, and Salt-petre be- 
ing beſprinkled with Water, mixed, pounded, 
bruiſed, beat together in a Mortar, then made 
to paſs through a Sieve, and divided into Glo- 
bules, ought to make Powder, which would 
throw down the Walls of the ſtrongeſt Places, 
make Warriors, Baſtions and Towers to whirl 
about in the Air, and in one Inſtant carry 
Death farther than a Quarter of a League. 
Now, this Powder, ſo long a Time unknown, 
and notwithſtanding ſo powerful, this Powder 


- compounded of Salt-petrez Sulphur, and Coal, 


is Gunpowder. : | 

Upon Caſks, ſuch as we ſee here, bored 
through in their Baſes, open upward, and fil- 
led with the Rubbiſh of old Buildings; with 
fat and ſaltiſn Earth, and with Es beer 
8 
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Animals have left what does not paſs into the 
Subſtance of the Blood, they pour Water, which 
in filtring detaches by its Weight and Motion, 
diſſolves and carries along with it into a Veſſel 
the ſmall Particles of Salt diffuſed in the Earth. 
Afterward they boil this Water thus charged 
with Salts. The Water is evaporated by the 
Hear. After the Evaporation, the Salts which 
they ſuffer to cool again, are united together 
in Form of Ice. This Ice, which is formed in 
Summer as well as Winter, is Salt-petre., 
The Salt-petre is thrown into the Mortars of 
Powder-Mills, with Sulphur. Upon this Maſs 
of Sulphur and Salr-petre they ſpread pounded 
Coal, proper for receiving and containing in 
its open and numerous Pores, made by the Vi- 
olence of Fire, the Salt-petre and Sulphur uni- 
ted together. They mix five or fix Parts; 
ſometimes leſs, of well refined Salt-petre, one 
Part of Sulphur, and one Part of pulverized 
Charcoal. They beſprinkle the Mixture with 
Water, to hinder the Maſs, compoſed of Mat- 
ter, which is eaſily inflamed, from heating too 
much by the repeated Blows of the Peſtils, 
which break and bruiſe it in the Mortars; and 
leaſt happening to ſer itſelf at Liberty by a ſud- 
den and too ordinary Inflammation, it ſhould 
make the Peſtils, Mortars, the Director of the 
Mill, and the Mill itſelf to fly into the Air. 
At laſt, the Matter of the Powder, being ſuffi- 
ciently broken, bruiſed and mixed, is ſifted 
in ſuch Sort, that paſſing through an Infinicy 
Vo. I. Cc of 


386 CoNvERSA TION XXVII. 


of ſmall Holes it falls in ſmall Grains, to which 
they have given the Name of Powder, by Rea- 
ſon of their Smallneſs and Figure. In one 
Word, a Mixture of Sulphur, Salt-petre, and 
Charcoal pounded, and bruiſed in a Mortar, 
and then paſſed through a Sieve of Hair, and 
formed into Grains, or divided into ſmall ſphe- 
rical Parts, or almoſt ſpherical, is the Compo- 
fition of Gunpowder, of this Powder which 
produces ſo prodigious Effects. 

Eud. Let us examine thoſe Effects by the 
Help of Philoſophy; and let us endeavour to 
diſcover their true Cauſe. Things in them- 
felves the moſt admirable ceaſe to affect us, in 
Proportion as they become more common. 
One has too often ſeen the Effects of Powder 
in the Firelock, te find them ſo marvellous, as 
they are in themſelves. Powder never fails to 
aſtoniſh in the Canon, was it only by Reaſon 
of the dreadful Noiſe, which it cauſes in it, 
imitating the Lightnings and Thunder, ſo as 
to make it called the Canon of the Thunder 
of War. And who can help admiring the 
Force of Powder, when one ſees with Horror 
Towers, Forts and Ramparts, rapidly ſhort out 
above Vortices of Flame and Smoak, which 
at once iſſue out from a deep Mine? They 
ſpeak with as much Surprize as Dread of the 
infernal Machines, eſpecially thoſe of St. 
Malo. They exclaim againſt the artificial 
Fires. Powder in the Rockets attracts the 
Eyes of all. Does the Rocket aſcend directly 


and 
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and very high? Does it ſhoot out from its Bo- 
ſom ſhining Stars? Ir is certainly a fine one, the 
fineſt that one has ſeen; it effaces the Stars of 
Heaven, and the Air reſounds with Applauſe. 
There needs no more but Eyes, Ears and Sen- 
ſes, in Order to be affected with ſuch like Ef- 
fects; but more is neceſſary to diſcover the 
Cauſe of them, and to unfold their ſecret 
Springs. The Cannoneer, Miner, and Engi- 
neer, ſo familiar with the Powder, do not 
themſelves ſee thoſe Springs. Perhaps with 
Eyes a little more philoſophical, we ſhall dif- 
cover them. Let us enquire in the firſt Place 
after the general Cauſe of the Effects of Gun- 
powder. After that, we ſhall make Applica- 
tion of the general Cauſe to the Explication of 
ſome particular Facts. 

The Spring of Air contained in every Grain 
of Powder, and in the Vacuities which the 
Grains leave between them; the Spring of this 
Air, I fay, being extraordinarily bender at firſt, 
and then dilated by the Inflammation of the 
Powder, is, I think, the general Cauſe; ar leaſt 
the principal Cauſe of thoſe aſtoniſhing Ef- 
fects. | 

My Sentiment is probable at leaſt, if there 
is plenty of Air in the Grains and Interſtices of 
the Grains of Powder; if the elaſtic Force of 
this Air is very great, and ought to be aug- 
mented in the firſt Inſtant of Inflammation, 
and if finally the Springs of the Particles of Air 
ought to play almoſt at the ſame Time: In 
Cc 2 this 
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this Suppoſition, all the ſmall Laminæ of Air 
are like ſo many bended ſmall Bows, which 
happening all to be unbended almoſt at one 
Time, ought to produce conſiderable Effects. 
Now, I. There is Plenty of Air in the Grain, 
and in the Interſtices of the Grains of Powder. 
Whilſt in the Mortars of Powder Mills, the 
Peſtil, as you have ſaid, breaks and divides af- 
ter a Thouſand different Manners, the Sul- 
hur, Salt-petre, and Charcoal, an infinite 
— of ſmall Particles of Air flow and in- 
ſinuate themſelves into the Interſtices of this 
Mixture. Theſe Particles of Air are contain- 
ed in the Grains; and the Grains, with which 
the Charge of a Fuſee, Canon, or Mine, &c. 
is compoſed, being almoſt ſpherical, make An- 
gles with one another, which are full of 
Air. 

2. The elaſtic Force of this Air is very 
great; one may judge of it by the Force which 
compreſſes it, whether it be in Mortars, or 
when one charges a Fuſee or Cannon. Thus 
after having kindled four Grains of Powder in 
a Glaſs Tube with a burning Mirror, one has 
obſerved that the Air of the Powder cooled a- 
gain, poſſeſſed two hundred Times more Space 

than the four Grains F. 

38. The elaſtic Force of the internal Air 
ought to increaſe in the firſt Inſtant of Inflam- 
mation. Heat, which rarefies free Air, at 
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firſt contracts the Air already condenſed 9, as 
Experience ſhews us; becauſe the agitated Cor- 
puſcles, which penetrate at firſt into the La- 
mine or Spires of the free Air, finding no Ac- 
ceſs into condenſed Air, exert their Force up- 
on the external Surface, and upon a greater 
Quantity of Air at a Time, - becauſe in that 
Caſe there is more in a determinate Space. 

4. Finally, the Springs of the Particles of 
Air ought to play almoſt all at-the ſame Time; 
for the Force of the Elaſticity quickly pre- 
vails, and ſhoots out the Flame rapidly on all 
Sides. Therefore, &c. 

What happens, when one puts Fire to the 
Powder? The Sulphur of the Powder, already 
filled with ſubtile Matter ſtrongly agitated, 
takes Fire immediately: The Action of the 
Fire, by its ſudden Motion, bends again the 
Springs of the Air already bent. Thoſe Springs 
being put into a greater Tenſion, and exceſ- 
ſively bent, are unbent both by the Exceſs of 
their Force, and by the Help of the Fire, 
which ſhakes, moves and extricates the ſur- 
_ rounding Particles of Coal, Sulphur, and Salt- 
petre. The Springs being bent, chrow out on 
all Sides inflamed Salt-petre, Hence, the Grains 
of Powder taking Fire ſucceſſively, but with 
inconceivable Swiftneſs, are all inflamed almoſt 
at the ſame Time. Thus the Springs of an 
Infinity of Lamine of Air impriſoned in the 
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Grains and Angles, play almoſt all in an In- 
ſtant, and ſhoot out on all Sides a Multitude 
of hard, round and ſolid Particles of Salt-pe- 
tre, which unite their Forces, rudely ſtrike a- 
gainſt whatever oppoſes the Direction of their 
Motion, and make Fuſees, Balls, Bullets, Ba- 
ſtions, Ramparts, Inhabitants of Towns, and 
almoſt intire Towns, fly into the Air. 

This, I think, is the general Cauſe, at leaſt 
the principal of the wonderful Effects of Gun- 
powder. Let us enter into a Detail, and ap- 
ply this general Cauſe to the explaining of ſome 
particular Effects. I ſhall ſay nothing why 
the Powder kindles ſo readily. One preſently 
conceives that the Sulphur, of which it is 
compounded, containing very much ſubtile 
Matter, always ſtrongly agitated, requires no 
more than a light Augmentation of Motion in 
Order to be inflamed, and to convey Inflam- 
mation into the Charcoal and Salt-petre, Nei- 
ther ſhall I aſk of you why Powder is kindled 
upon the Hand without hurting it. Tis evi- 
dent that kindled Powder ought, by Reaſon of 
its Springs unbent in the Inflammation, to poſ- 
ſeſs a much larger Space than it did before, and 
conſequently becoming more light than the Air 
which ſurrounds it, the Air ought to elevate 
it by the Exceſs of its Weight, and to hinder 
its Action upon the Hand: But let us explain 
ſome Problems which concern the Firelock, 
Cannon, Rockets, Mines, and infernal Ma- 


chines. 
Whence 
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Whence proceeds the going off of the Ball, 
and the recoyling of the Fuſce, at the Time of 
Exploſion? 

Ariſt. At the Time of Exploſion, the Spring 
of the Powder, and eſpecially of the Air con- 
rained in the Powder, acts equally on all Sides, 
before and behind ; equally upon the Ball and 
upon the Breech; after the ſame Manner as 
the Spring of Air contained in a Foot-Ball dri- 
ven by two oppoſite Forces, acts equally to- 
ward the two oppoſite Parts, whence the con- 
trary Forces come, after the ſame Manner, in 
a Word, as a bent Lamina tends to unbend it- 
ſelf from the two oppoſite Sides, with the ſame 
Violence. The Ball, not being able to reſiſt 
the Force of the Spring, vields according to 
the Direction which it receives from it; and 
this is the Departure of the Ball. The Breech, 
being no more able to reſiſt the Force of the 
Spring, yields according to the contrary Di- 
rection which it receives from it. And this is 
the recoiling of the Firelock, which ſometimes 
throws down the weak Shooter, ſooner than the 
Prey. 

Bur why does a long Firelock carry farther 
than a ſhorter one equally charged; provided 
the Exceſs of Length is not too great ? 

Eud. In the longer Firelock more Powder is 
kindled, fince the Powder, which is ſucceſ- 
ſively kindled, remains in it longer Time ex- 
poſed to the Inflammation. The Inflammati- 

Cc 4 on 
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on of a greater Quantity of Powder, being 
longer Time wholly contained in the Cham- 
ber of the Firelock, ſtrikes more Blows, and 
ruder Blows. The Ball being ſtruck more 
rudely, receives the more Force; and with 
more Force, it ought to go farther. It reach- 
es to kill a wild Duck, notwithſtanding the 
Precaution which he had taken to place him- 
ſelf in the Middle of a Pond, where he might 


ſafely have defied the Force of a ſhorter Fire- 


lock. If che Exceſs of Length is too great, it 
diminiſhes the Effect of the Ball; becauſe the 
Ball is thruſt back inwardly into the Firelock 
by the Violence of the Air which enters again, 
or ſtrives to enter after the Inflammation. 
Hence, Veſſius aſſerts that the Length of a 
Cannon ought not to be more than thirteen 
Foot r. 

If one ſhoot very cloſe, ſo that the Mouth 
of the Firelock touch him, who receives the 
Blow, the Wound is lighter, at leaſt fo far as 
we are informed. 

Ariſt. In this Situation, the nocd Air can- 
not come out freely from the F irelock; be- 
cauſe between the Mouth of the Firelock and 
the Body which it touches, there is not a Paſ- 
ſage large enough; and conſequently it oppoſes 
itſelf the more ſtubbornly to the Direction of 
the Ball, and diminiſhes its Effort; the Effort 
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being deadened, wounds more lightly. I be- 
lieve this Reaſon is good enough. Neverthe- 
leſs I frankly own that I would not make the 
Experiment upon any Body, nor willingly al- 
low any Body to make it upon me. 

Put a little Powder into the Chamber of the 
Firelock, under the Ball; but over the Ball, 
put a great deal. Ram down the Firelock, as 
uſual; the Shot will make a great Noiſe, and 
little Effect. 

Eud. The Noiſe will be great, becauſe all 
the Powder will take Fire, the Fire being able 
to paſs from that below to that above, and 
becauſe all the Powder being inflamed, will 
cauſe in the Air this impetuous Tremulation, 
which makes the great Noiſe. The Effect of 
the Ball will however be very inconſiderable; 
becauſe the Ball will only be puſhed forward by 
the ſmall Quantity of Powder, which is be- 
low. The greater Part, which is above, will 
ſerve rather to deaden the Force of the Ball, 
than to augment it. 

So that, if you are diſpoſed to place your 
ſelf boldly before the Mouth of a Firelock, 
at ſome Diſtance, you will ſafely receive the 
Ball into your Hand or Breaſt. You will have 
the Glory of knowing how to charm Fire-arms, 
and you will be infallibly invulnerable, with- 
out Compact, or Sorcery. A Philoſopher ex- 
plains ſuch Experiments; but is too wiſe to 
make em. 

It 
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It would be uſeleſs to demand whence the 
recoyling of the Cannon and the Departure of 
the Bullet proceed at the ſame Time. 

Arift. Tis evident that the Cauſe, which 
makes the Firelock recoil and the Ball to go 
off, makes alſo the Cannon recoil, and the 
Bullet to go off. But why does the Bullet 
advance ſo far, while the Cannon recoils fo 
little, or recoils only ſome Paces ? 

Eud. Becauſe there is as much Force re- 
quired to make the Cannon with its Carriage 
recoil ſome Steps, as to convey the Bullet a 
long Way; fince, without mentioning the 
Reſiſtance which proceeds from the Friction 
that it makes in recoiling, the Cannon with 
its Carriage recoiling very little, and the Bul- 
let carried a good Way off, are almoſt in the 
reciprocal Ratio of Maſs and Velocity; in Pro- 
portion as the Bullet has more Velocity, the 
Cannon has more Maſs, If the Bullet has an 
hundred Degrees of Velocity, while the Can- 
non has only one; the Cannon has an hundred 
Degrees of Maſs, or thereabouts, while the 
Bullet has only one; and to carry an hun- 
dred Degrees of Maſs one Pace, as much 
Force is neceſſary, as to carry one Degree of 
Maſs an hundred Paces; ſo that the Cannon, 
in recoiling with as much Motion as the Bul- 
let has, ought ſcarcely to advance one Pace, 
while the Bullet adyances an hundred. 


But 
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But while the Powder is inflamed in the 
Cannon, if the Touch-hole happen to be 
ſtopped, the Cannon _ 1 

Ariſt. 1. The Powder being inflamed in the 
Bottom of the Barrel, and in that Caſe not be- 
ing able to come out in any Sort, nor to re- 
lieve itſelf, if I may ſo ſpeak, by the Touch- 
hole, unites irs Efforts againſt the Sides of the 
Cannon. 

2. The external Air, which cannot enter by 
the ſtopt Touch-hole, cannot act upon the In- 
flammarion in Order to haſten its iſſuing out; 
it oppoſes it alſo by the Mouth of the Cannon, 
ſo much the more, becauſe it cannot circulate, 
Wherefore the kindled Powder makes the 
greater and more durable Efforts, from the 
Axis of the Barrel, toward the Circumference 
of the Cannon. This Exceſs makes it burſt, 
becauſe it is more eaſie for the Powder to make 
a Paſſage for itſelf at once through the Sides 
of the Cannon, than to wait for ſetting itſelf 
at Liberty by thruſting the Ball, notwithſtand- 
ing the Reſiſtance of the Air, all the Way 
from the Breech to the Mouth of the Cannon. 
When Bodies have any Difficulties to ſur- 
mount, they always begin with overcoming 
the leaft. They have their Manner of a&- 
ing, their Laws, and their Cuſtoms, which 
they obſerve inviolably from the Beginning of 
the World, being much more exact and con- 
ſtant in this Point, than the moſt Part of intelli- 
gent 
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gent Beings, which only have more Knowledge 
in Order to diſcover more Extravagance. 

Eud. As for the dreadful Noiſe of the Can- 
non, it is eaſily comprehended.— A great 
Quantity of kindled Powder is prodigiouſly ra- 
refied in the Inflammation by the Action of an 
Infinity of Springs, which are unbent almoſt 
all at a Time. This ſtrange Rarefaction 
ſtrikes, compreſſes, and drives away a great 
Maſs of Air; the different Parts of this con- 
tracted Maſs, happening to be reſtored with ag 
Acceleration of Motion, are compreſſed again 
in the Point of Reunion; the Dilatation is re- 
peated. Hence, this Tremulation of the Air 
which cauſes the terrible Noiſe and Crack, 
which the Echos of the Mountains and 
Rocks ſtrive to aügment, as it were, through 
Emulation. 

The Rocket, (a) Fig. 37. has nothing terri- 
ble in it, nor ſurprizes in the leaſt, eſpecially 
when one knows what makes it aſcend, while 
the Flame (6) iſſues out below. 

Ariſt. The Spring of the Powder, or of the 
Sulphur, Salt-petre, Coal, and Air contained 
in them, makes the Rocket aſcend, as it makes 
the Firelock or Cannon recoil. In the In- 
flammation this Spring makes an univerſal Ef- 
fort, and acts both toward the Center of the 
Earth, and toward the Sky. The Effect of 
the Action toward the Center of the Earth, is 


to make the Powder or inflamed Matter iſſue 
= out, 
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out, which finds a Paſſage through the inferi- 
or open End. The Effect of the Action of 
the Spring towards the Sky, is to make the 
ſuperior Powder or the inflammable Matter to 
aſcend, and alſo the Tube which contains ir, 
without affording it any Paſſage. After the 
ſame Manner as the Action of the Powder to- 
ward the Breech makes the Firelock or Can- 
non recoil, becauſe it finds no Paſſage in the 
Breech; after the ſame Manner the Action of 
the Powder or inflamed Matter toward the 
Sky, not finding any Vent in the upper End 
of the Rocket, makes it recoil and aſcend, 
and obliges us to carry our Eyes after it to- 
ward Heaven. | 

But for what Uſe ſerves the Rod (c, which 
they faſten to the Rocket? 

Eud. That is to preſerve its perpendicular 
Direction. Without the Rod the Center of 
Gravity would ſoon be above the Center of 
Figure (d); ſince the Powder or inflamed Mat- 
ter iſſues out every Moment through the in- 
ferior Paſſage. In that Caſe the Part which 
contained the Center of Gravity would out- 
weigh the other; and by Reaſon of the ſmall 
Inclination of the Rocket, it would make a 
Semicircle in the Air, overturn itſelf, and de- 
ſcend again, ſince the cloſed End would be to- 
wards the Earth; the Rocket would move 
from on high downward, inſtead of moving 
from below upward. But when the Rod is 

faſtened 
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faſtened to the Rocket, the Center (e) of Gra- * 
vity of the whole Compound of Rocket and w] 
Rod is below the Center of Figure. This 21 
Center continually deſcends, fo far is it from ”= 
aſcending, in Proportion as the Rocket is ele- ch 
vated. Wherefore the inflammable Matter is Ir 


always above it; and thus the Rocket preſerves 4 
its perpendicular Direction. E 
Ariſt. But when the Rocket ſeems to be ele- 
vated as far as the Clouds, why do we at once he 
ſee ſparkling Stars ariſe ? N 
Eud. Thoſe Stars ſo brillant were nothing 

leſs than brillant Stars a Moment before they b 
were ſeen. They were ſmall ſolid Balls com- c 
poſed of Charcoal, Sulphur, and Salt-petre, : 
but wherein Salt-petre was predominant. , 
Theſe ſmall Balls were contained above the a 
reſt in the Rocket. Being placed above the ' 
reſt of the Rocker, they took Fire laſt of all. | 
The Fire threw them out, and ſcattered them | 
on all Sides. The ſmall Particles of Salt-petre, 
ſolid, round, and infinitely fit for Motion, be- 
ing rapidly ſhot out from all Sides by the Vi- 
olence of the kindled Sulphur and unbent 
Springs, communicate the Motion and Vibra- 
tions which they have received to the Matter 
of the Light. This Matter being more ſub- 
tile and fine than the Air, but diffuſed in the 
Air from the ſmall inflamed Ball to our Eyes, 
communicates to our Eyes the Vibrations 
which it has received; and thoſe Ten 

cauſe 
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cauſe in the Soul the Splendor of little Stars, 
which we think to find in the Air, and at the 
Sight of which People being ſurprized, and 
judging rather by the Report of the Eyes 
than by that of Reaſon, cry out more in an 
Inſtant, than ever they did upon ſeeing the 
Heaven adorned with Stars — by the 
Hands of the Creator. 

From the agrecable Effects of the Rocket 
we muſt at laſt paſs to the terrible Effects of 
Mines. 

Ariſt. An almoſt infinite Number of Springs 
being contained in a great Quantity of Pow- 
der, happening to be unbent almoſt all at a 
Time in the Inflammation, and not finding 
Room enough to extend themſelves in the 
Stoves, Fougades or ſubterraneous Chambers, 
agitate the Vaults with a ſtrange Violence, 
ſhake them, detach them, and make the 
Half-Moons, Towers and Ramparts fly far off 
in the Air; and thoſe who defended them are 
aſtoniſhed to find themſelves ſuddenly whirled 
into the Air. 

Eud. But why has not a Mine its Effect, 
that is countermined? _ | 

Arift. Bodies in moving follow the Directi- 
on in which they meet with leaſt Oppoſiti- 
on. The Powder kindled in the Mine that is 
countermined, finds a free Paſſage, and is in 
Part exhaled through that. The more of it 
is exhaled through that, the fewer Efforts it 

makes 
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the Mine. Hence the real Efforts are inef- 
fectual, and thEMiner being confounded grows 
=5 and ra; es t ſee the Enemy at Eaſe over 


is Mine in Fire 


I think Mines in Fire ought to have very 
much Relation to infernal Mackines, and to 
2 almoſt the lame Effects by che fame 

—_—_— 
The infernal Machines are A 


or Wi. in which Powder by an extraordina- 


20 Inflammation produces horrible Effects, 
bebe i for repreſenting to: us by the Horror, 
” diffuſes,” the frightful Image of the 


Fires of Hell. in Order to our having: ſome 


Idea of them, it is ſuſſicient to bring to Mind 
the infernal Machine which was defigned for 
nn, St. Molo, but ch was on fatal to 


the E ngineer. 


This Machine was made in a of a vet. 


ſel. It had thirty four Foot in Length, and 
eighteen i n Height, an Hold and three 
Bridges. There was Sand! in the Hold. The 


firſt Bridge was filled with twenty Thouſand 


Weight of Powder, with a Foot of Brick- 
work above it. The ferond Bridge was ad- 
orned with ſix Hundred Firebombs and Car: 
caſſes, and two Foot of Brick- work above 
them. The third Bridge over the Gaillard 


was loaded with fifty Barrels with Iron Hoops; 
full of all Sorts of Fire-Works. The Deck 


Was 


reren 4s 
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vas contrived for conducting Fe to the Primes 
and Powders. ' Such almoſt was the infernal 
Machine, which might have cauſed a gene- 
tal Conflagration, and with which Se 
broke ſome Glaſs- Windows of Sr. Mah. 

For what ? Uſe Larger Nr Saul in the 
Hold? 515 

Axiſt. The Machine is * cho more 
weighty; being more weighty, it draws more 
Water; drawing more Water, it changes the 
Direction with greater Difficulty: In Order to 
change it, a greater Maſs, a greater Bulk of 
Water muſt be removed. Now with the 
greater Difficulty the Machine changes Directi- 
on, the more. certainly the Fire-Works which 
iſſue our of it reach the Scope. 

But for what Uſe ſerves the Brick-work over 
the Powder? 

Eud. Vou conceive that ſufficiently, Ari- 
Hul. The Brick- work retards the Action of 
the Powder mpon the Carcaſſes, Bombs, and 
Engines. In this Delay, more Powder is kin- 
dled; conſequently more Motion is communi- 
cared at once; and a greater Force produces 
a greater Effect. Let us imagine that the Bar- 
rels of Powder take Fire, and that the Springs 
of the Grains of Powder are ſet a going all at 
a Time. We ſhall ſee the Carcaſſes, red Bul- 
lets, and Bombs fill the Air with Fire, fall, 


$ Mem. d' Artillerie de M de St. Remi, T. I. p. 371. Se- 
conde Edition. 
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break and. burn all that comes in their Way. 


Or rather; being content with knowing the 
Original and Compoſition of Gunpowder, and 
the phyſical Cauſe of its divers Effects, let us 
ſpare our Imagination ſo terrible a Spectacle, 
which Rage alone ſeems to have invented. 

An Effect of Fire more ſalutary, peaceable, - 
and agreeable, is to drive away Cold, and to 
produce Heat. Will you have us make Heat 
and Cold the Subject of our next Conver- 


ſation? 


The End of the Eirft Volume. 


